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(57) In orderto enhance the usability of a write-once 
recording medium, the recording medium Is provided 
with an ordinary recordlng/reprodu^lon area, an alter- 
nate area, a first alternate-address management infor- 
mation area and a second alternate-address manage- 
ment information area. In addition, written/unwritten 
state Indication Infomriatlon Is recorded In a predeter- 
mined area. The second alternate-address manage- 
ment Infonnation area is an area allowing alternate-ad- 
dress management information recorded therein to be 
renewed by adding alternate-address management In- 
formation to the area. Aitemate-address management 
Infonnation recorded In the second alternate-address 
management information area includes Information re- 
corded in a first infomnatlon format and information re- 
corded in a second information format. The first infor- 
mation format shows an alternate source address and 
an alternate destination address for each data unit. On 
the other hand, the second Infonnation f omiat shows an 
altemate source address and an alternate destination 
address for a group of a plurality of physically continu- 
ous data units. The second infonnation format is used 
as a format for effectively carrying out an aitemate-ad- 
dress process on such a group of data units. All alter- 
nate-address management infonnation Is recorded In 
the first alternate-address management infonnation ar- 
ea In the first information format. 
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Description 

Technical Field 

[0001] The present Invention relates to a recording 
nnedlum such as an optical recording medium used par- 
ticularly as writa-once recording media as well as relates 
to a recording apparatus, a recording method, a repro- 
duction apparatus and a reproduction method, which 
are provided for the recording medium. 

Background Art 

[0002] As a technology tor recording and reproducing 
digital data, there Is known a data-recording technology 
for using optical disks Including magneto-optical disks 
as recording media. Examples of the optical disks are a 
CD (Compact Disk), an MD (MInl-Olsk) and a DVD (Dig- 
ital Versatile Disk). Ttie optical disk is the generic name 
of recording media, which Is a metallic thin plate protect- 
ed by plastic. When a laser beam Is radiated to the op- 
tical disk, the optical disk emits a reflected signal, from 
whteh changes can be read out as changes represent- 
ing Infonnatlon recorded on the disk. 
[0003] The optical disks can be classified into a read- 
only category Including a CD, a CD-ROM and a 
OVD-ROIM, which the user is already familiar with, and 
a writable category altowing data to be written therein 
as Is generally known. The writable category Includes 
an MD, a CD-R, a CD-RW, a DVD-R, a DVD-RW, a 
DVD+RW and a DVD-RAM. By adopting a magneto-op- 
tical recording method, a phase-change recording- 
method or a pigmented-coat change recording-method 
for the writable category, data can be recorded onto a 
disk of this category. The pigmented-coat change re- 
cording-method Is also refen'ed to as a write-once re- 
cording-method. Since this pigmented-coat change re- 
cordlng-nnethod allows data recording once and Inhibits 
renewal of data onto the disk, the disk is good for data- 
saving applications or the like. On the other hand, the 
magneto-optical recording method and the phase- 
change recording-method are adopted In a variety of ap- 
plteations allowing renewal of data. The applicattons al- 
lowing renewal of data include mainly an application of 
recording various kinds of content data Including musi- 
cal data, movies, games and application programs. 
[0004] in addition, In recent years, a high-density op- 
tical disk called a blue-ray disc has been developed In 
an effort to produce the product on a very large scale. 
[0005] Typically, data is recorded onto a high-density 
optical disk and read out from the disk under a condition 
requiring a combination of a laser with a wavelength of 
405 nm and an objective lens with an NA of 0.8S to be 
reproduced. The laser required in this condition is the 
so-called blue laser. With the optical disk having a track 
pitch of 0.32^, a line density of 0.12 ^m/bit, afomnat- 
ting efficiency of about 82% and a diameter of 12 cm, 
data of the amount of up to 23.3 GB (gigabytes) can be 
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recorded onto and reproduced from the disk In record- 
ing/reproduction units, which are each a data block of 
64 KB (kilobytes). 

[0006] There are also two types of optical disk having 

9 such a high density. I.e., optical disks of a write-once 
type and optical disks of a writable type. 

[0007] In an operation to record data onto an optical 
disk allowing data to be recorded therein by adoption of 
the magneto-optical recording method, the pigmented- 

10 coat change recording-method or the phase-change re- 
cording-method, guide means for tracking data tracks Is 
required. Thus, a groove Is created In advance to sen/e 
as a pregroove. The groove or a land Is used as a data 
track. A land Is a member having a shape resembling a 

'9 section plateau between two adjacent grooves. 

[0008] In addition. It Is also necessary to record ad- 
dresses so that data can be recorded at a predeter- 
mined location Indicated by an address as a location on 
a data track. Such addresses are recorded on grooves 
by wobbling the grooves in some cases. 
[0009] That is to say, a track for recording data is cre- 
ated In advance as typically a pregroove. In this case, 
addresses are recorded by wobbling the side walls of 
the pregroove. 

[0010] By recording addresses Inthis way, an address 
can be fetched from wobbling Infomnatlon conveyed by 
a reflected light beam. Thus, data can be recorded at a 
predetermined location and reproduced from a prede- 
termined location without creating for example pit data 
showing an address or the like in advance on the track. 
[0011] By adding addresses as a wobbling groove, it 
Is not necessary to discretely provide an address area 
or the like on tracks as an area for recording typically pit 
data representing addresses. Since such an address ar- 
ea is not required, the capacity for storing actual data Is 
increased by a quantity proportional to the eliminated 
address area. 

[0012] It Is to be noted that absolute-time (address] 
Information Implemented by a groove wobbled as de- 
scribed above is called an ATIP (Absolute Time In Pre- 
groove) or an AD IP (Address in Pregroove). 
[0013] in addition. In the case of recording media us- 
able as media for recording these kinds of data or not 
as reproduction-only media, there is known a technolo- 
gy for changing a data-recording location on the disk by 
providing an alternate area. That is to say, this technol- 
ogy is a defect management technology whereby an al- 
ternate recording-area Is provided so that. If a location 
impmper for recording data exits on the disk due to a 
defect such as an injury on the disk, the alternate re- 
cording-area can be used as an area serving as a sub- 
stitute for the defective location to allow proper record- 
ing and reproduction operations to be carried out prop- 
erly. 

[0014] The defect management technology is dis- 
closed In documents including Japanese Unexamined 
Patent Publication No. 2002-521786, and Japanese 
Patent Laid-open Nos. Sho 60-74020 and Hei 
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11-39801. 

[0015] In the case of a recordable optical recording 
medium, data cannot of course be recorded Into an area 
In which data hias already been recorded. 
[0016] Specifications of most file systems to be re- 
corded on an optical recording medium are defined by 
assuming the use of the optical recording medium as a 
ROM-type disk or a RAM-type disk. The ROM-type disk 
Is a reproduction-only medium and the RAM-type disk 
is a writable optical disk. Specifications of a file system 
for a write-once recording medium allowing data to be 
stored therein only once limit functions of the ordinary 
rile system and include special functions. 
[0017] The specifications of a file system for a write- 
once recording medium are a reason why the file systam 
does not become widely pqiular. On the other hand, a 
FAT nie system capable of keeping up with a variety of 
OSes of an information-processing apparatus and other 
file systems cannot be applied to write-once media as 
they are. 

[0018] Write-once media te widely used typically in 
applksatlons of preserving data. If the wrRe-once media 
can also be used tor the FAT file system by keeping the 
general speclfteatlons of the file system as they are, the 
usability of the write-once media can be further en- 
hanced. 

[001 9] In order to allow a widely used file system such 
as the FAT file system and a file system for RAMs or 
hard disks to be applied to write-once media as it Is, 
however, a function to write data into the same address 
as that of existing data is required. That is to say, a ca- 
pability of renewing data Is required. Of course, one of 
characteristics of the write-once media Is that data can- 
not be written onto the media for the second time. Thus, 
it is impossible to use a file system for such a writable 
recording medium as It Is In the flrst place. 
[0020] in addition, when the optical disk is mounted 
on a disk drive or disnnountsd from It, the recording face 
of the disk may be Injured In dependence on the state 
In which the disk Is kept in the drive and the way in which 
the disk Is used. For this reason, the aforementioned 
technique of managing defects has been proposed. Of 
course, even the write-once media must be capable of 
coping with a defect caused by an injury. 
[0021] in addition, in the case of the conventional 
write-once optical disk, data is recorded in a state of be- 
ing compacted sequentially In areas starting from the 
Inner side. To put it in detail, there Is no space left be- 
tween an area already including recorded data and an 
area in which data is to be recorded next. This is be- 
cause the conventional disk is developed with a ROM- 
type disk used as a base so that. If an unrecorded area 
exists, a reproduction operation cannot be can-led out. 
Such a situation limits the freedom of a random-access 
operation carried out on the write-once media. 
[0022] In addition, for a disk drive or a recording/re- 
production apparatus, an operation requested by a host 
computer to write data at an address specified In the 
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operation as an address in a write-once optical disk or 
an operation to read out data from such an address Is 
a process of a heavy load. 

[0023] From what Is described above, contemporary 
s write-once media or. In partteular, write-once media im- 
plemented by a high-density optical disk having a re- 
cording capacity of at least 20 GB like the aforemen- 
tioned blue-ray disk, is required to meet the following 
requirements. The write-once media shall be capable of 
10 renewing data and managing defects by execution of 
proper management, improving the random accesslbii- 
Ity, reducing the processing load borne by the recording/ 
reproduction apparatus, keeping up with a general-pur- 
pose file system by the capability of renewing data and 
IS maintaining compatibliity with writable optical disks as- 
well as reproduction-only disks. 

Disclosure of invention 

20 [0024] It Is thus an object of the present Invention adv 
dressing such a situation to Improve usability of a write-- 
once recording medium by allowing data stored on thei 
write-once recording medium to be renewed and by ex-i 
ecuting proper management of defects while maintain- 

2S jng compatibility. 

[0025] The recording area of a write-once recordingr 
medium provided by the present Invention as a record-'r 
ing medium allowing data to be written therein only oncei 
Is divided into: an ordinary recording/reproductton area< 

30 which data Is recorded into and reproduced from; an al- 
ternate area used for storing data in an alternate-ad- 
dress process for a defect existing in the ordinary rer. 
cording/reproduction area and a data renewal; a first ak 
ternate-address management Information area for re-;^ 

35 cording alternate-address management information fon 
managing the alternate-address process using the ah 
ternate area; and a second alternate-address manage-; 
ment infonmatlon area for recording the attemate-ad-:- 
dress management Infomriatton In an updating processt 

40 (prior to finallzation} aa data that can be updated. The> 
alternate-address management Infonnatlon recorded In 
the second alternate-address management Infonmatiom 
area includes Infomnation of a first Information format;: 
which shows an alternate source address and an aiter-r 

'IS nate destination address for ever/ data unit, and infor-^ 
mation of a second information fonriat, which shows an; 
alternate source addresa and an alternate destinationv 
address for a collection of a plumlity of physically conf 
tinuous data units. 

so [0026] The first alternate-address management infer; 
mation area Is used for storing most recent alternate- 
address management Intonnatlon, which has been re- 
corded in the second altemate-ad dress management 
infonnatlon area, all In the first Infonnatlon format. 

ss [0027] The second information format is an informa- 
tion format showing the alternate source address of the 
first data unit In a plurality of physically continuous data 
units and the altemate destination address of the first 
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data unit in a plurality of other physically continuous data 
units as wall as the alternate source address and alter- 
nate destination address of the \ast ones In the data 
units. 

[0028] For each data unit of the write-once recording 
area, written/unwritten state Indication inforrnatlon Indi- 
cating whether or not data has been written into the data 
unit is recorded In a predetemiined area, in addition, for 
a plurality of data units In an alternate source shown In 
the second Information format and for a plurality of data 
units In an alternate destination shown In the same in- 
fomiatlon format, the existence/non-existence Indica- 
tion inforniation indicates that data has t>een written into 
each of the data units. 

[0029] Designed for the recording medium described 
above, a recording apparatus provided by the present 
invention includes write means for writing data into the 
recording medium and control means. The control 
means controls the write means to write the alternate- 
address management information of theflrst Information 
fomiat showing an alternate source address and alter- 
nate destination address for a data unit not physically 
continuous to other data units In an operation to update 
the alternate-address management Infomf^atlon stored 
in the second alternate-address management informa- 
tion area In accordance with the alternate-address proc- 
ess for the data unit. On the other hand, the control 
means controls the write means to write the alternate- 
address management information of the second infor- 
mation fomnat showing an alternate source address and 
alternate destination address for a collection of a plural- 
ity of physically continuous data units in an operation to 
update the alternate-address management information 
stored in the second alternate-address management in- 
formation area in accordance with the alternate-address 
process for the data units. 

[0030] Whan the control means controls the write 
means to record alternate-address management infor- 
mation in theflrst alternate-address management infor- 
mation area, the wilte means stores most recent alter- 
nate-address management information, which has been 
recorded In the second alternate-address management 
inforniation area, all in the first infomatlon format. 
[0031] As described above, the second information 
fomnat is an information format showing the alternate 
source address of theflrst data unit In a plurality of phys- 
ically continuous data units and the alternate destination 
address of the first data unit in a plurality of other phys- 
ically continuous data units as wall as the alternate 
source address and alternate destination address of the 
last ones in the data units. 

[0032] in addition, for each data unit of the write-once 
recording area, the control means controls the write 
means to record written/unwritten state indication infor- 
mation in a predetermined area as information indicat- 
ing whether or not data has been wn'tten into the data 
unit. In addition, for a piurailt)' of data units In an alter- 
nate source shown in the second inforniation format and 



for a plurality of data units in an alternate destination 
shown in the same Infomnation fomiat, the control 
means controls the write means to record the existence/ 
non-existence Indication Inforniation as inforniation in- 
s dicating that data has been written Into each of the data 
units. 

[0033] Designed for the recording medium described 
above, a reproduction apparatus provided by the 
present Invention includes; read means for reading out 
data from the recording medium; conflmnatlon means for 
detemiining whether or not an address specified in a 
read request to read out data from a main data area is 
an address completing an alternate-address process on 
the basis of the alternate-address management infor- 
ms mation recorded In the second alternate-address man- 
agement infomnation area in the first or second Informa- 
tion format; and control means for controlling the read 
means to read out data from the address specified In 
the read request if the confirmation means detennines 
20 that the address specified in the read request is not an 
address completing an alternate-address process but 
controlling the read means to read out data requested 
bythereadrequestfromthealternateareaon thebasis 
of the alternate-address management information if the 

29 confimiatlon means detennines that the address spec- 
ified in the read request Is an address completing an 
alternate-address process. 

[0034] Designed for the recording medium described 
above, a recording method provided by the present In- 

30 ventlon Includes: a first write step of writing the alter- 
nate-address management infomriation of the first infor- 
mation fomnat showing an alternate source address and 
an alternate destination address fora data unit not phys- 
ically continuous to other data units in an operation to 

35 update the altemate-address management Inforniation 
stored in the second alternate-address management in- 
forniation area in accordance with the altemate-address 
process forthe data unit; and a second write step of writ- 
ing the alternate-address management information of 

'fo the second information format showing an alternate 
source address and an alternate destination address for 
a collection of a plurality of physically continuous data 
units in an operation to update the alternate-address 
management infomnation stored in the second alter- 

4S nate-address management Inforniation area In accord- 
ance with the altemate-address process for the data 
unit. 

[0035] The recording method is further provided with 
a third write step of recording most recent aitarnate-ad- 

so dress management information recorded in the second 
altemate-address management information area ail In 
the first information format in an operation to record al- 
ternate-address management information in the first al- 
ternate-address management information area. 

ss [0036] As described above, the second infomnation 
fomiat Is an inforniation fomiat showing the alternate 
source address of the first data u nit in a plurality of phys- 
ically continuous data units and the aitemate destination 
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address of the first data unit In a plurality of other phys- 
ically continuous data units as well as the alternate 
source address and alternate destination address of the 
last ones In the data units. 

[0037] In addition, the recording method Is also pro- s 
vided with a fourth write step of recording written/unwrit- 
ten state indication infonnation in a predetermined area 
as Information Indicating whether or not data has been 
written Into each data unit of the write-once recording 
area. In addition, at this fourth write step, for a plurality io 
of data units In an alternate source shown In the second 
Infonnation fonnat and for a plurality of data units In an 
altemate destination shown in the same information for- 
mat, the existence/non-existence Indication Information 
Is recorded as Infomnatlon indicating that data has bean is 
written into each of the data units. 
[0038] Designed for the recording medium described 
above, a reproduction method provided by the present 
Invention includes: a confimriatlon step of determining 
whether or not an address specified In a read request so 
to read out data from a main data area Is an address 
completing an aJtemate-address process on the basis 
of alternate-address management Infomatlon recorded 
In the second alternate-address management Informa- 
tion area In the first or second Infomiation format; and *5 
a first read step of reading out data from the address 
specified in the read request If the address specified in 
the read request Is detemnlned at the conflmiatlon step 
to be not an address completing an alternate-address 
process; and a second read step of reading out data re- 30 
quested by the read request from the altemate area on 
the basis of the alternate-address management infor- 
mation if the address specified in the read request is 
determined at the confimiation step to be an address 
completing an altemate-address process. as 
[0039] That is to say, In a write-once recording medi- 
um of the present invention, the recording area includes 
an ordinary recording/reproduction area, an alternate 
area, a first alternate-address management Information 
area and a second altemate-address management in- ^ 
fonnatlon area. 

[0040] The second alternate-address management 
Information area Is an area for implementing renewal of 
altemate-address management Infonnation involved in 
an alternate-address process by allowing the alternate- 'ts 
address management infomnatlon to be added thereto, 
in addition, by recording the written/unwritten state in- 
dication Infomnatlon, It Is possible to easily grasp the re- 
cording state of each data unit on the recording medium. 
[0041 ] On top of that, the alternate-address manage- so 
ment Information Includes infomnatlon of a first informa- 
tion fomnat, which shows an alternate source address 
and an alternate destination address for every data unit, 
and Infonnation of a second infonnation fomnat, which 
shows an alternate source address and an alternate ss 
destination address for a collection of a plurality of data 
units. Thus, the second Infomnatlon format allows an al- 
ternate-address process to be carried out on a plurality 



of data units with a high degree of efficiency. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

FIG. 1 is an explanatory diagram showing the area 
structure of a disl< provided by an embodiment of 
the present inventon; 

FIG. 2 is an explanatory diagram showing the struc- 
ture of a one-layer disk provided by the embodi- 
ment; 

FIG. 3 is an explanatory diagram showing the struc- 
ture of a two-layer disk provided by the embodi- 
ment; 

FIG. 4 is an explanatory diagram showing a OI\^A 

of a disi< provided by the embodiment; 

FIG. 5 is a diagram showing the contents of a ODS 

of a disk provided by the embodiment; 

FIG. 6 Is a diagram showing the contents of a DFL 

of a disk provided by the embodiment; 

FIG. 7 18 a diagram showing defect list management . 

Infomnatlon of a DFL and TDFL of a disk provided 

by the embodiment; 

FIG. 8 is a diagram showing alternate-address in- 
formation of a DFL and TDFL of a disk provided by • 
the embodiment; 

FIG. 9 Is an explanatory diagram showing a TDMA' 
of a disk provided by the embodiment; 
FIG. 1 0 Is an explanatory diagram showing a spacer 
bitmap of a disk provided by the embodiment; 
FIG. 11 Is an expiematory diagram showing a TOFL 
of a disk provided by the embodiment; 
FIG. 1 2 Is an explanatory diagram showing aTDDS- 
of a disk provided by the embodiment; 
FIG. 13 Is an explanatory diagram showing an ISA^ 
and OSA of a disk provkled by the embodiment; 
FIG. 14 Is an explanatory diagram showing a data- 
recording order In a TDIMA of a disk provided by thet 
embodiment; 

FIG. 15 Is an explanatory diagram showing a utili-: 
zatlon stage of a TDMA of the two-layer disk pro-c 
vIded by the embodiment; 
FIG. 1 6 is a block diagram of a disk drh^e provided,'; 
by the embodiment; 

FIG. 1 7 shows a flowchart representing a data-wrlt-s 
ing process provided by the embodiment; 
FIG. 18 shows a flowchart representing a user-da- 
ta-writing process provided by the embodiment; 
FIG. 1 9 shows a flowchart representing an over-^ 
write function process provided by the embodiment;' 
FIG. 20 shows a flowchart representing a process: 
of generating alternate-address Information in ac-: 
cordance with by the embodiment; 
FIG. 21 shows a flowchart representing a dataf 
fetching process provided by the embodiment; 
FIG. 22 shows a flowchart representing a TDFL/ 
space-bitmap update process provided by the ern- 
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bodlment; 

FIG. 23 shows a flowchart representing a process 
of restructuring alternate-address Information In ac- 
cordance with the embodiment; 
FIG. 24 is an explanatory diagram showing the 
process of restructuiing alternate-address Informa- 
tion in accordance with the embodiment; 
FIG. 25 shows a flowchart representing a process 
of converting a disk provided by the embodiment 
Into a compatible disk In accordance with the em- 
bodiment; 

FIG. 26 Is an explanatory diagram showing a TDMA 
of a disk provided by another embodiment; 
FIG. 27 Is an explanatory diagram showing aTODS 
of a disk provided by the other embodiment; 
FIG. 28 is an explanatory diagram showing an ISA 
and OSA of a disk provided by the other embodi- 
ment; 

FIGS. 29A and 29B are each an explanatory dia- 
gram showing spare area full flags provided by the 
other embodiment; 

FIG. 30 shows a flowchart representing a data-writ- 
ing process provided by the other embodiment; 
FIG. 31 shows a flowchart representing a process 
of setting a renewal function in accordance with the 
other embodiment; 

FIG. 32 shows a flowchart representing a data- 
fetching process provided by the other embodi- 
ment; and 

FIG. 33 shows a ftowchart representing a TDFL/ 
space-bitmap update process provided by the other 

embodiment. 

Best Mode for Carrying out the Invention 

[0043] The following description explains an embodi- 
ment provided by the present Invention as an embodi- 
ment Implementing an optical disk and a disk drive em- 
ployed in a recording apparatus and/or a reproduction 
apparatus as a disk drive designed for the optical disk. 
The description comprises chapters arranged In the fol- 
lowing order: 

1 : Disk Stmcture 
2: DMAs 

3: First TDMA IVIethod 

3-1 : TDMAs 

3-2: IS As and OS As 
3-3: TDMA-Using Method 

4: Disk Drive 

5: Operations for the First TDMA Method 

5-1: Data Writing 
5-2: Data Fetching 

5-3: Updating of the TDFUSpac© Bitmap 
5-4: Conversion Into Compatible Disks 



6: Effects of the First TDMA Method 
7: Second TDMA Method 

7- 1 ; TDMAs 

5 7-2: ISAs and OSAs 

8: Operations for the Second TDMA Method 

8- 1: Data Writing 
<o 8-2: Data Fetching 

8-3: Updating of the TDFL/Space Bitmap and 
Conversion Into Compatible Disks 

9: Effects for the Second TDMA Method 

T5 

1 : Disk Structure 

1X1044} First of all, an optical disk provided by the em- 
bodiment is explained. The optical disk can be Imple- 
20 mented by a write-onca optical disk referred to as the 
so-called blue-ray disk. The blue-ray disk pertains to the 
category of high-density optical disks. 
[004S] Typical physical parameters of the high-densi- 
ty optical disk provided by the embodiment are ex- 
plained as follows. 

[0046] Thadlsksizeoftheoptlcaldlskprovlded bythe 
embodiment Is expressed In temis of a diameter of 1 20 
mm and a disk thickness of 1 .2 mm. That is to say, from 
the extemal-appearance point of view, the optical disk 
30 provided by the embodiment is similar to a disk of a CD 
(Compact Disk) system and a disk of a DVD (Digital Ver- 
satile Disk) system. 

[0047] As a recording/reproduction laser, the so- 
called blue laser Is used. By using an optical system 
3s having a high NA of typically 0.85, setting the track pitch 
at a small value of typically 0.32 microns and setting the 
line density at a high value of typically 0.12 microns per 
bit, it Is possible to Implement a user-data storage ca- 
pacity of about 23 Gbyte to 25 Gbyte for an optical disk 
with a diameter of 12 cm. 

[0048] In addition, a two-layer disk is also developed. 
A two-layer disk Is an optical disk having two recording 
layers. In the case of a two-layer disk, a user-data ca- 
pacity of about 50G can be achieved. 

4S [0049] FIG. 1 is an explanatory diagram showing the 
layout (or the area structure) of the entire disk. 
[0050] The recording area of the disk includes a lead- 
in zone on the Innermost circumference, a data zone on 
a middle circumference and a lead-out zone on the out* 

so ermost circumference. 

[0051] The lead-in zone, the data zone and the lead- 
out zone serve as recording and reproduction areas as 
follows. A prerecorded Infomiation area PIC on the In- 
nemiost side of the lead-in zone Is a reproduction-only 

Bs area. An area starting with a management/control infor- 
mation area of the lead-in zone and ending with the lead- 
out zone Is used as a write-once area allowing data to 
be written therein only once. 
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[0052] In the reproduction-only area and the write- 
once area, a spiral recording track Is created as a wob- 
bling groove. The wobbling groove serves as a tracking 
guide in a tracing operation using a laser spot. The wob- 
bling groove Is thus a recording track, which data Is re- 
corded onto or read out from. 

[0053] It Is to be noted that, this embodiment assumes 
an optical disk allowing data to be recorded on the 
groove. However, the scope of the present Irwentlon Is 
not limited to the qitical disk with such a racording track. 
For example, the present Invention can also be applied 
to an optical disk adopting a land recording-technique 
whereby data is recorded on a land between two adja- 
cent grooves. In addition, the present Invention can also 
be applied to an optical disk adopting a land/groove re- 
cording-technique whereby data is recorded on a land 
and a groove. 

[0054] In addition, the groove used as a recording 
track in em optical disk has a shape wobbled by a wob- 
bling signal. Thus, a disk drive for such an optteal disk 
detects both edge positions of the groove from a reflect- 
ed light beam of a laser spot radiated to the groove. 
Then, by extracting components fluctuating in the radial 
direction of the disk as fluctuations of both the edge po- 
sitions in an operation to move the laser spot along the 
racording track, the wobble signal can be reproduced. 
[0055] Thiswobbleslgnalls modulated by Infonnation 
on addresses of recording locations on the recording 
track. The information on addresses includes physk^i 
addresses and other additional Information. Thus, by 
demodulating the wobble signal to produce the informa- 
tton on addresses, the disk drive is capable of controlling 
addresses, at whteh data are to be recorded or repro- 
duced. 

[0056] T^e lead-in zone shown In FIG. 1 1s an area on 
the inner side a circumference having a typical radius of 
24 mm. 

[0057] An area between a circunnferance with a radius 
of 22.2 mm and a circumference with a radius of 23.1 
mm in the lead-in zone is the prerecorded information 
area PIC. 

[0058] The prerecorded Information area PIC is used 
for storing reproduction-only information as the wob- 
bling state of the groove. The reproduction-only infor- 
mation includes disk Information such as recording/re- 
production power conditions. Infonnation on su^as on 
the disk and Information used for copy protection. It Is 
to be noted that these pieces of Infonnation can also be 
recorded on the disk as emboss pits or the like. 
[0059] A BCA (Burst Cutting Area) not shown In the 
figure may be provtdad on a circumference on the inner 
side of the prerecorded infonnation area PIC In some 
cases. The BCA Is used for storing a unique ID peculiar 
to ths disk recording medium In such a state that the ID 
cannot be renewed. The unique ID is recorded marks 
created in a concenttic-circie shape to form recorded 
data In a bar-code fonnat. 

[0060] An area between a circumference with a radius 
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of 23.1 mm and a circumference with a radius of 24.0 
mm in the iead-ln zone is a management/control infor- 
mation area. 

[0061] The management/control information area has 
5 a predetennlned area fonnat to include a control data 
area, a DMA (Defect iVIanagement Area), aTDMA (Tem- 
porary Defect Management Area), a test write area 
(OPC) and a buffer area. 

[0062] The control data area Included in the manage- 
10 ment/controi infonnation area Is used for recording man- 
agement/control Information such as a disk type, a disk 
size, a disk version, a layer structure, a channel-bit 
length, BCA infonnation, a transfer rate, data-zone po- 
sition Infonnation, a recording line speed and recording/ 
'5 reproduction laser power information. 

[0063] The test write area (OPC) Included In the man- 
agement/control information area Is used for a trial writ- 
ing process carried out in setting data recording/repro- 
duction conditions such as a laser power to be used in 
recording/reproduction operations. That Is, thetestwrite 
area is a region for adjusting the recording/reproduction 
conditions. 

[0064] in the case of an ordinary optical disk, the DMA 
included In the management/control infonnation area is 
used for recording alternate-address management In- 
fonnation for managing defects. In the case of a write- 
once optical disk provided t)y the embodiment, however, 
the DMA Is used for recording not only the aitemata- 
address management infonnation of defects but also 
management/control Infonnation for Implementing data 
renewals in the optical disk. In this case, particularly, the 
DMA Is used tor recording ISA management information 
and OSA management Infonnation, which will be de- 
scribed later 

[0065] In order to make renewal of data possible by 

making use of an alternate-address process, the con- 
tents of the DMA must also be updated whan data is 
renewed. For updating the contents of the DMA, the TD- 
MA is provided. 

[0066] Altern ate-address management information is 
added and/or recorded In the TDMA and updated from 
time to time. I_a8t (most recent) alternate-address man- 
agement information recorded In the TDIUA is eventu- 
ally transferred to the DMA. 

[0067] The DMAand theTDMA will be described later 
In detail. 

[0068] The area on the circumferences with radii In 
the range 24.0 to 56.0 mm external to the lead-in zone 
is used as a data zona. Ths data zona is an area, which 
user data is actually recorded into and reproduced from. 
The start address ADdts and end address ADdte of the 
data zone are Included In the data zone position infor- 
mation recorded In ths control data area described ear- 
lier. 

[0069] An ISA (Inner Spare Area) is provided on the 
innemnost circumference of the data zone. On the other 
hand, an OSA (Outer Spars Area) Is provided on the 
outermost circumference of the data zone. As will beds- 
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scribed later, the ISA and the OSA are each used as an 
alternate area provided for defects and for Implementing 
data renewals (overwriting). 

[0O7O] The ISA begins from the start position of the 
datazoneand Includes a predetermined number of clus- 
ters each having a size of 65,536 bytes. 
[0071 ] On the other hand, the OSA includes a prede- 
temnined number of clusters, which terminate at the end 
position of the data zone. The sizes of the iSA and the 
OSA are described In the DMA. 
[0072] A user-data area In the data zone Is an area 
sandwiched by the ISA and the OSA. This user-data ar- 
ea Is an ordinary recording/reproduction area, which us- 
er data Is generally recorded Into and reproduced from. 
[0073] The start address ADus and end address 
ADue of the user-data area define the location of the 
user-data area and are recorded In the DMA. 
[0074] The area on the circumferences with radii in 
the range 5B.0 to 58.5 mm external to the data zone Is 
the iead-out zone. The iead-out zone is a management/ 
control Infonnatlon area having a predetennlned format 
to Include a control data area, a DM A and a buffer area. 
Much like the control data area Included In the lead-ln 
zone, the control data area of the lead -out zone Is used 
for storing various kinds of management/control infor- 
mation. By the same token, much like the DMA Included 
in the lead-ln zone, the DMA of the iead-out zone Is used 
as an area tor recording management Information of the 
ISA and management Information of the OSA. 
[0075] FIG. 2 is a diagram showing a typteai structure 
of the management/control information area on a one- 
layer disk having only one recording layer. 
[0076] As shown in the figure, In addition to undefined 
segments (reserved segments), the lead-in zone In- 
cludes a variety of areas such as DMA 2, an O PC (a test 
write area), a TDMA and DMA 1 . On the other hand, in 
addition to undefined segments (reserved segments), 
the lead-out zone Includes a variety of areas such as 
DMA 3 and DMA 4. 

[0077] It is to be noted that the control data area de- 
scribed above is not shown in the figure. This Is be- 
cause, In actuality, a portion of the control data area Is 
used as a DMA for example. Since the structure of a 
DMA is an essential of the present invention, the control 
data area is not shown in the figure. 
[0078] As described above, the iead-in and iead-out 
zones include four DMAs, i.e., DMA 1 to DMA 4. DMA 
1 to DMA 4 are each used as an area for recording the 
same alternate-address management Information. 
[0079] However, a TDMA Is provided as an area used 
for temporarily recording alternate-address manage- 
ment Information and, every time an alternate-address 
process is carried out due to renewal of data or a defect, 
new aitemate-address management infomiation is ad- 
ditionally recorded in the TDMA to update the informa- 
tion already recorded therein. 
[0080] Thus, till the disk is finalized, for example, the 
DMAs are not used. Instead, the alternate-address 



management is can'ied out and new altemate-address 
management Infomiation Is added to the TDMA and/or 
recorded In the TDMA. As the disk Is finalized, aitemate- 
address management Information recorded on the TD- 
5 MA most recently Is transfen'ed to the DMAs so that the 
aitemate-address process based on the DMA can be 
can'ied out. 

[0081] FIG. 3 Is a diagram showing a two-layer disk 
having two recording layers. The first recording layer Is 

10 referred to as layer 0 and the second recording layer Is 
called layer 1 . Data is recorded onto and reproduced 
from layer 0 In a direction from the inner side of the disk 
to the outer side thereof, as same as in the case of one- 
layer disk. On the other hand, data Is recorded onto and 

IS reproduced from layer 1 1nadlrectlonfromtheouterslde 
of the disk to the Inner side thereof. 
[0082] The value of the physical address Increases in 
the directions. That Is to say, the value of the physical 
address on layer 0 increases in the direction from the 

20 Inner side of the disk to the outer side thereof, and the 
value of the physical address on layer 1 1ncreases In the 
direction from the outer side of the disk to the Inner side 
thereof. 

[10083] Much like the one-layer disk, the lead-In zone 
^ on layer 0 includes a variety of areas such as DMA 2, 
an OPC (a test write area). TDMA 0 and DMA 1 . Since 
the outermost circumference on layer 0 is not a lead-out 
zone, it is referred to simply as outer zone 0, which In- 
cludes DMA 3 and DMA 4. 
so (0084] The outennost drcumferenee on layer 1 is re- 
ferred to simply as outer zone 1 , which includes DMA 3 
and DMA 4. The innermost circumference of layer 1 Is 
a lead-out zone, whteh Includes a variety of areas such 
as DMA2, an OPC (atest write area), TDMA 1 and DMA 
ss 1. 

[0085] As described above, the lead-in zone, outer 
zones 0 and 1 and the lead-out zone include eight 
DMAs, in addition, each of the recording layers Includes 
a TDMA. 

40 [0088] The size of the iead-in zone on layer 0 and the 
size ofthe lead-out zone on layer 1 are equal to the size 
of the lead-in zone on the one-layer disk. On the other 
hand, the sizes of outer zones 0 and 1 are equal to the 
size of the iead-out zone on the one-layer disk. 2: DMAs 

49 [0087] The data structure of each DMA recorded In 
the lead-in zone and the iead-out zone is explained be- 
low. In the case of a two-layer disk, the DMAs also in- 
clude the DMAs In outer zones 0 and 1 . 
[0088] FIG. 4 is a diagram showing the structure of 

so the DMA. 

[0089] The Size of the DMA shown In the figure Is 32 
clusters (=: 32 x 65,536 bytes), it is to be noted that a 
cluster Is the smallest data-recording unit. Of course, 
the size of a DiVIA is not limited to 32 clusters. In FIG. 4, 

ss the 32 clusters are identified by cluster numbers 1 to 32, 
which each indicate a data position of each content of 
the DMA. The size of each content Is expressed as a 
cluster count. 
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[0090] In the DMA, cluster numbers 1 to 4 Identify four 
clusters forming a segment for recording a DOS (disc 
definition structure), wlilch describes the disc in detail. 
[0091 ] Tlie contents of the DOS will be described later 
by referring to FIG. 5. In actually, since the size of the 
DDS is one cluster, four Identical DOSes are recorded 
in the segment. 

[0092] Cluster numbers 5 to 8 Identify four clusters 
forming a segment for recording DFL #1 , which Is the 
riret recording area of a DFL (defect list). The data struc- 
ture of the defect list will be described later by referring 
to FIG. 6. The size of data stored In the defect list Is tour 
clusters forming a list of information on aitemate ad- 
dresses. 

[0093] Cluster numbers 9 to 12 identify four clusters 
fomning a segment for recording DFL #2, which is the 
second recording area of the defect list. The second re- 
cording area Is followed by the third and subsequent re- 
cording areas DFL #3 to DFL #6, which each have a size 
of four clusters. The four-cluster segment DFL #7 used 
as the seventh recording area of the defect list Is Iden- 
tified by cluster numbers 29 to 32. 
[0094] As Is obvious from the above description, the 
DMA having a size of 32 clusters Includes seven record- 
ing areas of the defect list, i.e., DFL #1 to DFL #7. 
[0095] In a write-once optical disk allowing data to be 
recorded therein once as Is the case with the disic pro- 
vided by the embodiment, In order to record contents of 
a DMA. it is necessaiy to carry out a process referred 
to as finalize', in this case, the same contents are re- 
corded in seven recording areas DFL #1 to DFL #7. 
[0096] FIG. 5 Is a diagram showing the data stnjcture 
of the contents of the DDS recorded at the beginning of 
the DMA shown in FIG. 4. As described above, the DDS 
has a size of one cluster {= 65,536 bytes). 
[0097] In the figure, byte 0 is the position of the be- 
ginning of the DDS having a size of 65,536 bytes. A byte- 
count column shows the number of bytes Included In 
each data content. 

[0098] Two bytes Indicated by byte positions 0 to 1 
are used as bytes for recording "DS°, which Is a DDS 
Identifier indicating that this cluster Is the DDS. 
[0009] One byte Indicated by byte position 2 is used 
as a byte for recording a DIDS fonnat number of the ver- 
sion of the DOS format 

[0100] Four bytes indicated by byte positions 4 to 7 
are used as t>ytes for recording the number of times the 
DDS has been updated. It Is to be noted that. In this 
embodiment, In the finalize process, alternate-address 
management information is additionaliy written into the 
DMA itself instead of being used for updating the DMA. 
The alternate-address management information Is 
stored in the TDM A before being written Into the DMA 
in the finalize process. Thus, when the finalize process 
is eventually carried out, a TDDS (temporary DDS) of 
the TDMA contains the number of times the TDDS has 
been updated. The aforementioned number of times the 
DDS has been updated is the number of times the TDDS 



has been updated. 

[0101] Fourbytes Indicated by byte positions 16 to 19 
are used as bytes for recording AD_DRV, which is the 
start physical sector address of a drive area In the DMA. 
s [0 1 02] Four bytes indicated by byte positions 24 to 27 
are used as bytes for recording AD_DFL, which is the 
start physical sector address of a defect list DFL in the 
DMA. 

[01 03] Four bytes Indicated by byte positions 32 to 35 
10 are used as bytes for recording a PSN (physical sector 
number or a physical sector address) of the start posi- 
tion of the user-data area In the data zone. That Is to 
say, thefour bytes are used as bytes for recording a PSN 
Indicating the position of an LSN (logical sector number) 
IS of 0. 

[0104] Four bytes indicated by byte positions 36 to 39 
are used as bytes for recording an LSN (logical sector 
number) of the end position of the user-data area In the 
data zone. 

'20 [0105] Four bytes indicated by byte positions 40 to 43 
are used as bytes for recording the size of the ISA in the 
data zone. The ISA Is the ISA of a one-layer disk or the 
ISA on layer 0 of a two-layer disk. 
[01 06] Four tjytes Indicated by byte positions 44 to 47 

25 are used as bytes for recording the size of each OSA in 
the data zone. 

[0107] Fourbytes Indicated by byte positions 46 to 51 
are used as bytes for recording the size of the ISA in the 
data zone. The ISA is the ISA on layer 1 of a two-layer 
so disk. 

[01 08] One byte indicated by byte position 52 is used 
as a byte for recording spare area full flags showing 
whether or not date can be renewed by using an ISA or 
an OSA. That is to say, the spare area full flag are used 
SB to indicate that the ISA and the OSA are being used en- 
tirely. 

[0109] Byte positions otherthan the byte positions de- 
scribed above are reserved (or undefined) and all filled 
with codes of OOh. 

"fo [0110] As described above, the DDS Is used as an 
area for storing the addresses of the user-data area, the 
sizes of each ISA and each OSA and spare area full 
flags. That is to say, the DDS is used for storing infor- 
mation for managing and controlling areas of each ISA 

4? and each OSA In the data zone. 

[01 1 1 ] Next, the data structure of the defect list DFL 
is explained by referring to FIG. 6. As explained earlier 
t>y refen-ing to FIG. 4, the defect list DFL Is recorded in 
an area having a size of four clusters. 

so [0112] in the defect list DFL shown in FIG. 6, a byta- 
positlon column shows data positions of each data con- 
tent of the defect list having a size of four clusters. It is 
to be noted that one cluster is 32 sectors occupying 
65,536 bytes. Thus, one sector has a size of 2,048 

55 bytes. 

[0113] A byte-count column shows ths number of 

bytes composing each data content. 

[0114] The first 64 bytes of the defect list DFL are 
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used as bytes tor recording management Information of 
the defect list DFL. The management Infoimatlon of the 
defect list DFL Includes Information Indicating that this 
cluster is the defect list DFL, a version, the number of 
times the defect list DFL has been updated and the 
number of entries forming the defect list DFL. 
[0115] The bytes following the GA'*^ byte are used as 
bytes for recording contents of each entry of the defect 
list DFL. Each entry is alternate-address Infonnatlon at! 
having a length of eight bytes. 
[0116] A tennlnator having a length of eight bytes 
serves as an alternate-address end Immediately follow- 
ing ati UN, which is the last one of pieces of effective 
alternate-address Infonnaflon. 

[01 17| In this DFL, an area following the alternate-ad- 
dress end is filled up with OOh codes till the end of the 
clusters. 

[0118] The defect-list management Information hav- 
ing a length of 64 bytes is shown In FIG. 7. 
[0119] Two bytes starting with a byte at byte position 
0 are used as bytes for recording a character string DF 
representing the Identlfter of the defect list DFL. 
[0120] One byte at byte position 2 is used as a byte 
for recording the format number of the defect list DFL. 
[0121] Four bytes starting witii a byte at byte position 
4 are used as bytes for recording the number of times 
the defect list DFL has been updated, it Is to be noted 
that this value Is actually the number of times the TDFL 
(temporary defect list) to be described later has been 
updated and, thus, a value transferred from the TDFL. 
[0122] Four bytes starting with a byte at byte position 
1 2 are used as bytes for recording the number of entries 
In the defect list DFL, that is, the number of pieces of 
altemate-address Information ati. 
[01 23] Four bytes starting with a byte at byte position 
24 are used as bytes for recording cluster counts Indi- 
cating the sizes of free areas available in the alternate 
areas ISA 0, ISA 1. OSA 0 and OSA 1. Byte positions 
other than the byte positions described above are re- 
served and all filled with codes of OOh. 
[0124] FIG. 8 Is a diagram showing the data stmcture 
of an alternate-address Information ati. The data struc- 
ture includes infomnation showing the contents of an en- 
try completing an alternate-address process. 
[0125] inthecase of a one-layer disi(,thetotal number 
of pieces of alternate-address information ati can be up 
to a maximum of 32,759. 

[0126] Each piece of altemate-address information ati 
comprises eight bytes (or 64 bits, i.e., b'rts b63 to bO). 
Bits b63 to b60 are used as bits for recording status 1 , 
which Is the status of the entry, in the defect list DFL, 
the status Is set at a value of '0000' Indicating an ordinary 
altemate-address process entry. Other values of the 
status will be explained later in a description of the al- 
ternate address In the TDFL of the TDIUIA. 
[0127] Bits b59 to b32 are used as bits for recording 
the PSN (physical sector address) of the first sector in 
an alternate source cluster. That Is to say. In this data 



structure, a cluster subjected to an alternate-address 
process due to a defect or renewal of data Is expressed 
by the physical sector address PSN of the first sector of 
the cluster 

5 [0128] Bits b31 to b28 are reserved. It is to be noted 
that these bits can also be used as bits for recording 
status 2, which is other status in this entry. 
[0129] Bits b27 to bO are used as bits for recording 
the physical sector address PSN of the first sector in an 

'0 altemate destination cluster. That Is to say, in this data 
structure, a destination cluster required in an altemate- 
address process due to a defect or renewal of data Is 
expressed by the physical sector address PSN of the 
first sector of the cluster. 

[0130] As described above, the altemate-address in- 
fomiatlon ati Is treated as an entry showing an altemate 
source cluster and an alternate destination cluster. 
Then, such an entry Is cataloged In the defect list DFL 
having a structure shown in FIG. 6. 

20 [0131] In the DMA, Infonnatlon on an alternate-ad- 
dress management information is recorded In a data 
structure Mice the one described above. As explained 
above, however, these Idnds of Infomnation are recorded 
in a process to finalize the dislc. in this process, most 

25 recent infonnatlon on an alternate-address manage- 
ment information Is transferred from the TDMA to the 
DMA. 

[0132] Information on defect processing and Informa- 
tion on an altemate-address management carried out 
so due to renewal of data are recorded In the TDMA de- 
scribed below and updated from time to time. 

3: First TDMA Method 

as 3-1 : TDMAs 

[0133] The following description explains the TDMA 
(temporary DMA) provided In the management/control 
information area as shown In FIGS. 2 and 3. Much like 

40 the DMA, the TDMA is used as an area for recording 
Information on alternate-address processes. Every time 
an alternate-address process Is carried out to follow re- 
newal of data or follow detection of a defect, information 
on the alternate-address process Is added to the TDMA 

4S or recorded in the TDMA as an update. 

[0134] FIG. 9 is a diagram showing the data strucbire 
of the TDMA. 

[0135] The size of the TDMA Is typically 2,048 clus- 
ters. As shown in the figure, the first cluster indicated by 

SO a cluster number of 1 is used as a cluster for recording 
a space bitmap for layer 0. A space bitmap comprises 
bits each representing a cluster of a main data area in- 
cluding the data zone as well as a management/control 
area including the iead-ln zone and the lead-out zone 

ss (and the outer zones in the case of a two-layer disk). 
The value of each bit Is write existence/non-existence 
Infonnatlon indicating whether or not data has been writ- 
ten into a cluster represented by the bit. All clusters 
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ranging from the lead-in zone to the lead-out zone (in- 
cluding the outer zones In the case of a two-layer disk) 
are each represented by a bit of the space bitmap as 
described above, and the size of the space bitmap itself 
Is one cluster. 

[0136] A cluster indicated by a cluster number of 2 Is 
used as a cluster for recording a space bitmap for layer 
1 (or the second layer), it Is to be noted that, In the case 
of a one-layer disk, a space bitmap for layer 1 is of 
course unnecessary. 

[0137] If an alternate-address process Is carried out 
in, for example, an operation to change data contents, 
a TDFL (temporary defect list) is additionally recorded 
to a cluster at the beginning of an unrecorded area in 
the TDM A. Thus, In the case of a two-layer disk, the first 
TDFL Is recorded in an area starting from the position 
indicated by a cluster number of 3 as shown In the figure. 
In the case of a one-layer disk, a space bitmap for layer 
1 is not necessary as described above. Tlius, the first 
TDFL Is recorded in an area starting from the position 
indicated by a cluster number of 2. Then, every time an 
alternate-address process Is carried out thereafter, a 
TDFL Is additionally recorded at a subsequent cluster 
position without providing a gap between the subse- 
quent cluster position and the preceding cluster posi- 
tton. 

[01 38] The size of a TDFL Is in the range 1 to up to 4 
clusters. Since a space bitmap shows recording states 
of dusters, the bitmap is updated every time data is writ- 
ten Into any of the clusters to update the cluster. When 
the space bitmap is updated, much like a TDFL, a new 
space bitmap Is additionally recorded In a TDMA area 
starting from the beginning of a free area In the TDMA. 
[0139] That is to say, a space bitmap and/or a TDFL 
is additionally recorded In the TDMA from time to time. 
[0140] It is to be noted that the configurations of a 
space bitmap and a TDFL will be described later. Any- 
way, a JDDS (temporary disc definition structure) is re- 
corded in the last 2,048-byte sector of a cluster used for 
recording a space bitmap and the last 2,048-byte sector 
of 1 to 4 clusters used for recording a TDFL. TheTDDS 
is detailed information on the optteai disk. 
[0141] FIG. 10 is a diagram showing the data struc- 
ture of a space bitmap. 

[0142] As described above, each bitof aspacebltmap 
represents the recording state of one cluster on the disk, 
that is, each bit Indteates whether or not data has been 
recorded in the cluster represented thereby. For exam- 
pie, if data has not been recorded in a cluster, a bit rap- 
resenting the cluster is set at 1 . It is to be noted that, in 
the case of a two-layer disk, a space bitmap Is provided 
for each layer and Information recorded in one of the 
space bitmaps Is independent of Information recorded 
In the other space bitmap. 

[0143] For one sector = 2,048 bytes; clusters on a lay- 
er having a storage capacity of 25 GB can be represent- 
ed by a space bitmap with a size of 25 sectors. Since 
one cluster comprises 32 sectors, the space bitmap It- 



self can be fonmed from one cluster. 
[0144] In the data stmcture of a space bitmap shown 
In FIG. 10, a cluster allocated as the bitmap comprises 
32 sectors, I.e., sectors 0 to 31 . A byte-position column 
s shows byte positions of each of the sectors. 

[0145] Sector 0 at the beginning of the space bitmap 
is used as a sector for recording management informa- 
tion of the bitmap. 

[0146] TV/0 bytes at byte positions 0 and 1 in sector 0 
10 are used as bytes for recording an UB, which Is an un- 
allocated space bitmap ID (identifier). 
[0147] One byte at byte position 2 is used as a byte 
for recording a fomnat version such as a version of OOh. 
[0146] Four bytes starting from byte position 4 are 
15 used as bytes for recording a layer number indicating 
whether this space bitmap corre^onds to layerO or lay- 
er 1. 

[0149] 48 bytes starting from byte position 16 are 
used as bytes for recording bitmap infomnation. 
[0150] The bitmap Information comprises pieces of 
zone Information for three zones, I.e., the Inner zone, 
the data zone and the outer zone. The pieces of zone 
Infonnatlon are zone infomriatlon for the Inner zone, 
zone Infomnation for the data zone and zone information 
for the outer zone. 

[0151] The size of each of the pieces of zone Informa- 
tion Is 16 bytes. Each of the pieces of zone Information 
comprises a start cluster first PSN, a start t>yte position 
of bitmap data, a validate bit length In bitmap data and 
a reserved area, which each have a size of four bytes. 
[0152] The start cluster first PSN Is a PSN (physical 
sector address) indicating a start position of the zone on 
the disk. That is to say, the PSN Is a start address, which 
is used when the zone is mapped onto the space bitmap . 
[01 53] The start t>yte position of bitmap data is a byte 
count Indicating the start position of bitmap data for the 
zone as a position relative to the unallocated space bit 
map Identifier located at the beginning of the space bit 
map. 

[0154] The validate bit length In bitmap data is also a 
byte count representing the amount of bitmap data of 

the zone. 

[0155] Actual bitmap data is recorded on sector:1 in 
an area starting from byte position 0 of the sector. Sector 
1 is the second sector of the space bitmap. In this area, 
one sector of the space bitmap represents 1 GB data. 
The actual bitmap data Is followed by reserved areas 
ending with an area immediately preceding sector 31 , 
which is the last sector of the space bitmap. The ra- 
sen/ad areas are filled witti codes of OOh. 
[0 1 56] Sector 3 1 , which Is the last sector of the space 
bitmap, Is used as a sector for recording a TDDS. 
[0157] The pieces of bitmap infonnatlon described 
above are managed as follows. First of all, the descrip- 
tion explains a space bitmap with the layer number at 
byte position 4 indicating layer 0. That Is to say, the de- 
scription explains a space bitmap for a one-layer djsk or 
a space bitmap for layer 0 of a two-layer disk. 
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[0158] In this case, the zone information for the inner 
zone Is Information for the Inner zone of layer 0, that Is, 
information for a iead-ln zone. 
[0159] The start ciusterfirst PSN of the zone is a PSN 
of the start position of the lead-in zone as shown by a 
solld-ilne arrow. 

[0160] The start byte position of bitmap data Is used 
for recording Information indicating the position of bit- 
map data corresponding to the iead-ln zone in the space 
bitmap as shown by a dashed-line arrow, that Is, Infor- 
mation indicating byte position 0 of sector 1 . 
[0161 ] The value of the validate bit length In bitmap 
data Is the size of the bitmap data forthe iead-in zone. 
[0162] The zone information for the data zone Is in- 
fomnation on the data zone of layer 0. 
[01 63] The start duster first PSN of the zone Is a PSN 
of the start position of the data zone as shown by a solid- 
iine arrow. 

[0164] The start byte position of bit map data is used 
for recording Information Indicating the position of bit- 
map data corresponding to the data zone in the space 
bitmap as shown by a dashed-iine arrow, that Is, Infor- 
mation indicating byte position 0 of sector 2. 
[0165] The value of tiie validate bit length in bitmap 
data is the size of the bitmap data for the data zone. 
[0166] The zone Information for the outer zone is In- 
formation forthe outer zone of layer 0, that is, Informa- 
tion for a lead-out zone on a one-layer disk or outer zone 
0 of a two-layer disic 

[0167] The start cluster first PSN of the zone Is a PSN 
of the start position of the lead-out zone or outer zone 

0 as shown by a soild-llne arrow. 

[0168] The start byte position of bitmap data Is used 
for recording infomriatlon indicating the position of bit- 
map data corresponding to the iead-out zone (or outer 
zone 0) in the space bitmap as shown by a dashed-iine 
arrow, that Is, information indicating isyta position 0 of 
sector N. 

[0169] The value of the validate bit length In bitmap 
data Is the size of the bitmap data for the iead-out zone 
or outer zone 0. 

[0170] Next, the description explains a space bitmap 
with the layer number at tiyte position 4 indicating layer 
1 , That Is to say, the description explains a space bitmap 
for layer 1 of a two-layer dislc. 
[0171] in this case, the zone information for the inner 
zone Is Infonnatlon for the Inner zone of layer 1 , that Is, 
Information for a lead-out zone. 

[0172] The start ciusterfirst PSN of the zone is a PSN 
of the start position of the lead-out zone as shown by a 
dotted-ilne arrow. Since the address direction on layer 

1 Is a direction from an outer side to an Inner side, a 
position indicated by the dotted-line arrow is a start po- 
sition. 

[0173] The start byte position of bit map data is used 
for recording infomiatlon indicating the position of bit- 
map data corresponding to the lead-out zone in the 
space bitmap as shown by a dashed-line arrow, that Is, 



Infonnatlon indicating byte position 0 of sector 1 . 
[0174] The value of the validate bit length In bitmap 
data Is the size of the bitmap data for the iead-out zona. 
[0175] The zone Infomnation for the data zone is In- 
s formation on the data zone of layer 1 . 

[0176] The start duster first PSN of the zone Is a PSN 
of the start position of the data zone as shown by a dot- 
ted-line arrow. 

[0177] The start byte position of bitmap data Is used 

10 for recording Infomnation Indicating the position of bit- 
map data corresponding to the data zone in the space 
bitmap as shown by a dashed-line arrow, that Is, Infor- 
mation indicating byte position 0 of sector 2. 
[0178] The value of the validate bit length In bitmap 

IS data is the size of the bitmap data for the data zone. 
[0179] The zone Infomiation for the outer zone Is in- 
fomiatlon for the outer zone 1 of layer 1 . 
[0180] The start duster first PSN of the zone Is a PSN 
of the start position of the outer zone 1 as shown by a 

^ dotted-line arrow. 

[0181] The start byte position of bitmap data is used 
for recording Information indicating the position of bit- 
map data corresponding to outer zone 1 in the space 
bitmap as shown by a dashed-line arrow. The informa- 

ss tlon is Infonmation Indicating byte position 0 of sector N. 
[0182] The value of the validate bit length in bitmap 
' data Is the size of the bitmap data for outer zone 1 . 
[0183] Next, the data structure of aTDFL Is explained. 
As described above, a TDFL is recorded in a free area 

30 following a space bitmap In a TDMA. Every time an up- 
dating operation is camed out, a TDFL is recorded at 
the beginning of the remaining free area. 
[0184] FIG. 11 is a diagram showing the data structure 
of aTDFL. 

3s [0185] The TDFL comprises 1 to 4 dusters. By com- 
paring with the DFL shown in FIG. 6, It Is obvious that 
the contents of the TDFL are simitar to those of the DFL 
in that the first 64 bytes of the defect list are used as 
bytes for recording management infomnation of the de- 

40 feet list, the bytes following the GA**^ byte are used as 
bytes for recording contents of pieces of atternats-ad- 
dress infonmation ati each having a length of 8 bytes, 
and a tenninator having a length of B bytes serves as 
an alternate-address end immediately following ati #N, 

"fs which is the last one of pieces of effective alternate-ad- 
dress Infonnatlon. 

[0186] However, the TDFL composed of 1 to 4 dus- 
ters Is different from the DFL in that a DDS (or a TDDS) 
is recorded in 2,048 bytes composing the last sector of 

BO the TDFL. 

[01 87] It is to be noted that. In the case of the TDFL, 
an area preceding the last sector of a cluster to which 
the alternate-address infomnation tennlnator pertains Is 
filled up with codes of OOh. As described above, the last 

55 sector is used as a sector for recording a TDDS. If the 
alternate-address information terminator pertains to the 
last sector of a specific duster, an area between the spe- 
cific cluster and the last sector of a duster immediately 
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preceding the specific cluster Is tilled up with codes of 
0 and the last sector of the Immediately preceding clus- 
ter Is used as a sector for recording a TDDS. 
[0188] The defect-list management Information hav- 
ing a size of 64 bytes is identical with the defect-list man- 
agement Information explained earlier by referring to 
FIG. 7 as information included in of the defect list DFL. 
[01 89] However, as the number of times the defect list 
has been updated, the four bytes starting with a byte at 
byte position 4 are used as bytes for recording the se- 
quence number of the defect list. That is to say, a se- 
quence number included in defect-list management in- 
formation In a most recent TDFL is the number of times 
the defect list has been updated. 
[0190] Besides, the four bytes starting with a byte at 
byte position 12 are used as bytes for recording the 
number of entries, that is, the number of pieces of alter- 
nate-address infomiation atl. in addition, the four bytes 
starting with a byte at byte position 24 are used as bytes 
for recording values of cluster counts at the time the TD- 
FL is updated. This cluster counts represent the sizes 
of free areas available In the alternate areas iSA 0, ISA 
1 , OSA 0 and OSA 1 . 

[01 91 ] The data structu re of the alternate-address In- 
fonnatlon ati in the TDFL is similar to the data structure 
shown In FIG. 8 as the structure of the alternate-address 
infomnatlon ati in the DFL. The alternate-address infor- 
mation atl Is included in the TDFL as an entry showing 
an alternate source cluster and an alternate destination 
cluster, which are Involved in an alternate-address proc- 
ess. Such an entry is cataloged in the temporary defect 
list TDFL having a data structure shown In FIG. 11 . 
[01 92] in the case of the TDFL, however, the value of 
status 1 included In the alternate-address information 
atl in the TDFL may have a value of 0101 or 1010 in 
addition to 0000. 

[0193] Status 1 having a value of 0101 or 1010 indi- 
cates that an e^mate-address process carried out on 
a plurality of physically continuous clusters Is a burst 
transfer process, which handles the clusters collectively. 
[01 94] To be mors specific, status 1 having a value of 
01 01 indicates that the start sector physical address of 
an alternate source cluster and the start sector physical 
address of an alternate destination cluster, which are in- 
cluded In the alternate-address Information atl, are re- 
spectively the physical address of the first sector In the 
first cluster of the physically continuous clusters serving 
as the alternate source and the physical address of the 
first sector in the first duster of the physically continuous 
clusters sending as the alternate destination. 
[0195] On the other hand, status 1 having a value of 
1010 Indicates that the start sector physical address of 
an alternate source cluster and the start sector physical 
address of an alternate destination cluster, which are In- 
cluded in the alternate-address information ati are re- 
spectively the physical address of the first sector in the 
last cluster of the physically continuous clusters serving 
as the alternate source and the physical address of the 



first sector in the last cluster of the physically continuous 
clusters serving as the aitemate destination. 
[0196] Thus, In an alternate-address process collec- 
tively treating a plurality of physically continuous clus- 

s ters, It is not necessary to catalog an entry describing 
the alternate-address infomiation atl for each of all the 
clusters. Instead, it is necessary to specify only one en- 
try of alternate-address Infomiation atl Including two 
physical addresses of first sectors in first clusters and 

10 another entry of alternate-address infomnatlon ati In- 
cluding two physical addresses of first sectors in last 
clusters as described above. 

[0197] As described above, basically, the TDFL has a 
data structure identical with that of a DFL. However, the 
TDFL is characterized in that the size of the TDFL can 
be extended to up to four clusters, the last sector is used 
as a sector for recording a TDDS, and management of 
burst transfers can be executed by using alternate-ad- 
dress infonnation ati. 

so [0198] As shown in FIG. 9, the TDiVIA Is used as an 
area for recording space bitmaps and TDFLs. As de- 
scribed earlier, however, the 2,048-byte last sector of 
each of the space bitmaps and each of the TDFLs is 
used as a sector for receding a TDDS (temporary disc 

25 definition structure). 

[01 99] FIG. 1 2 is a diagram showing the structure of 
the TDDS. 

[0200] The TDDS occupies one sector having a size 
of 2,048 bytes. The TDDS has the same contents as the 

30 DOS In a DMA. it is to be noted that, even though the 
DDS has a size of one cluster consisting of 65,536 
iTytes, only a portion not beyond byte position 52 is vir- 
tually defined as contents of the DDS as explained ear- 
lier by referring to FIG. 5. That is to say, actual contents 

ss are recorded In the first sector of the cluster Thus, In 
spite of the fact tiiat the TDDS has a size of only one 
sector, the TDDS covers ail the contents of the DDS. 
[0201] As Is olwlous from comparison of FIG. 1 2 with 
FIG. 5, contents of the TDDS at byte positions 0 to 53 

^0 are identical with those of the DDS. it is to be noted, 
however, that bytes starting from byte position 4 are 
used as t>ytes for recording the sequence number of the 
TDDS, bytes starting from byte position 1 6 are used as 
bytes for recording the physical address of the first sec- 

49 tor In a drive area In the TDMA and bytes starting from 
byte position 24 are used as bytes for recording the 
physical address AD_DFLof the first sector of the TDFL 
in the TDMA. 

[0202] Bytes at byte position 1 ,024 and subsequent 
so isyte positions in the TDDS are used as t>ytes for record- 
ing information, which does not exist In the DDS. 
[0203] Four bytes starting from byte position 1,024 
are used as bytes for recording the physical address 
LRA of a sector on an outemnost circumference included 
in the user-data area as a circumference on which user 
data has been recorded. 

[0204] Four bytes starting from byte position 1 ,028 
are used as bytes for recording the physical address 
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AD_BPO of the first sector In a most recent space bitmap 
for layer 0 In the TDMA. 

[0205] Four bytes starting from byte position 1,032 
are used as bytes for recording the physical address 
AD_BP1 of the first sector In a most recent space bitmap 
for layer 1 In the TDMA. 

[0206] One byte at byte position 1 ,036 is used as a 
byte for recording a flag for controlling the use of an 
overwrite function. 

[0207] Bytes at byte positions other than the byte po- 
sitions described above are reserved and filled with 
codes of OOh. 

[0208] As described above, the TDDS Includes ad- 
dresses In the user-data area, ISA and OSA sizes and 
spare area full flags. That Is to say, the TDDS Includes 
managemenVcontrol Information for managing ISAs 
and OSAs In the data zone. At this point, the TDDS Is 
similar to the DDS. 

[0209] Also as described above, the TDDS also In- 
cludes pieces of Infonnation such as the physical ad- 
dress AD_BPO of the first sector In the effective most 
recent space bitmap for layer 0, the physical address 
AD_BP1 of the first sector In the effective most recent 
space bitmap for layer 1 and the physical address 
AD_DFL of the first sector in the effective most recent 
TDFL (temporary DFL). 

[0210] Since a TDDS Is recorded In the last sector of 
the space bitmap and the last sector of the TDFL every 
time a space bitmap or a TDFL Is added, the recorded 
TDDS Is a new TDDS. Thus, In the TDM A shown In FIG. 
9, a TDDS included in a space bitmap added last or a 
TDDS Included In a TDFL added last Is the most recent 
TDDS. In the most recent TDDS, the most recent space 
bitmap and the most recent TDFL are shown. 

3-2: ISAs and OSAs 

[021 1 ] FIG. 1 3 Is a diagram showing positions of each 
ISA and each OSA. 

[0212] An ISA (inner space area) and an OSA (outer 
space area) are each an area allocated In the data zone 
as an alternate area used In an alternate-address proc- 
ess carried out on a defective cluster 
[0213] In addition, an ISA or an OSA is also used in 
an operation to write new data Into a desired address 
as an alternate area for actually recording the new data 
supposed to be written Into the desired address, at 
which other data has been recorded previously. The op- 
eration to write the new data Into the desired address is 
thus an operation to renew the other data with the new 
data. 

[0214] FIG. 1 3A is a diagram showing the positions of 
an ISA and an OSA on a one-layer disk. As shown in 
the diagram, the ISA is located on the innermost-circum- 
ference side of the data zone whereas the OSA is locat- 
ed on the outermost-circumference side of the data 
zone. 

[0215] On the other hand, FIG. 13B Is a diagram 



showing the positions of each ISA and each OSA on a 
two-layer disk. As shown In the diagram, ISA 0 Is located 
on the Innermost-circumference side of the data zone 
on layer 0 whereas the OSA 0 Is located on the outer- 

s most-circumference side of the data zone on layer 0. On 
the other hand, ISA 1 Is located on the Innermost-cir- 
cumference side of the data zone on layer 1 whereas 
the OSA 1 is located on the outemnost-clrcumference 
side of the data zone on layer 1 , 

10 [0216] Onthetwo-layerdlsk,th6slzeoflSAOmaybe 
different from that of ISA 1 . However, the size of OSA 0 
is equal to that of OSA 1 , 

[0217] The sizes of the ISA (or ISA 0 and ISA 1) and 
the sizes of the OSA (or OSA 0 and OSA 1) are defined 
T5 In the DOS and the TDDS, which have been described 
earlier. 

[0218] The size of the ISA Is determined at an initial- 
ization time and remains fixed thereafter However, the 
size of the OSA may be changed even after data has 
been recorded therein. That Is to say, the OSA size re- 
corded in the TDDS can be changed In an operation to 
update the TDDS to Increase the size of the OSA. 
[0219] An alternate-address process using the ISA or 
the OSA Is carried out as follows. An operation to renew 
data is taken as an example. For example, new data Is 
written Into the user-data zone. To be more specific, the 
data Is written Into a cluster. In which existing data has 
already been written previously. That is to say, a request 
Is made as a request to renew the existing data. In this 
case, since the disk Is recognized as a write-once optical 
disk, the new data cannot be written into the cluster. 
Thus, the new data Is written into a cluster in the ISA or 
the OSA. This operation Is referred to as an alternate- 
address process. 

[0220] This alternate-address process is managed as 
the alternate-address Infonnation atl described above. 
The alternate-address information atl is treated as a TD- 
FL entry Including the address of a cluster. In which the 
existing data has been recorded from the very start, as 
an alternate source address. The TDFL entry of the al- 
ternate-address infonnation ad also Includes the ad- 
dress of an ISA or OSA cluster, In which the new data 
has been written as alternate-address data, as an alter- 
nate destination address. 

[0221 ] That Is to say, In the case of renewal of existing 
data, alternate-address data is recorded In the ISA or 
the OSA and the altsmete-address process carried out 
on the data locations for the renewal of the existing data 
is controlled as alternate-address Infomnation ati catal- 
oged on the TDFL in the TDIVIA. Thus, while the disk is 
a write-once optical disk, virtually, renewal of data Is Im- 
plemented. In other words, as seen from the OS of a 
host system, a file system or other systems, renewal of 
data Is implemented. 

[0222] The alternate-address process can also be ap- 
plied to management of defects in the same way. To put 
It in detail, If a cluster is determined to be a detective 
area, by carrying out the alternate-address process, da- 



25 



30 



as 



40 



43 



SO 



14 



27 

ta supposed to be written In the cluster Is written in a 
cluster of tlie ISA orths OSA. Then, for the management 
of this aitemata-address process, one altamate<ad- 
dress Information atl Is cataloged as an entry on the TD- 
FL. 

3-3: TOMA-Using IVIethod 

[0223] As described above, every time data Is re- 
newed or an alternate-address process is carried out, a 
space bitmap and a TDFL In a TDM A are updated. 
[0224] FIG. 1 4 Is a diagram showing the state of up- 
dating contents of a TDMA. 

[0225] FIG. 14A shows a state In which a space bit- 
map for layer 0, a space bitmap for layer 1 and a TDFL 
have been recorded In the TOMA. 
[0226] As described above, the last sector of each of 
the space bitmaps and the last sector of the TDFL are 
each used forrecording aTDDS (temporary DDS). They 
are referred to as TDDS 1 , TDDS 2 and TDDS 3. 
[0227] in the case of the state shown In FIG. 1 4A, the 
TDFL Is related to most recently written data. Thus. 
TDDS 3 recorded In the last sector of the TDFL Is the 
most recent TDDS. 

[0228] As explained earlier by referring to FIG. 12, this 
TDDS includes AD BPO, AD BP1 and AD DFL. AD BPO 
and AD BP1 are Information showing the locations of 
effective most recent space bitmaps. On the other hand, 
AD DFL Is InfomiaUon showing the location of an effec- 
tive most recent TDFL. In the case of TDDS 3, AD BPO. 
AD BP1 and AD DFL are pieces of effective information 
pointing to the locations of the space bitmaps and the 
TDFL as shown by a solid-line arrow, a dashed-llne ar- 
row and a dotted-llne arrow respectively. That Is to say, 
AD DFL In TDDS 3 Is used as an address for specifying 
a TDFL including TDDS 3 Itself as an effective TDFL. 
On the other hand, AD BPO and AD BP1 in TDDS 3 are 
used as addresses for specifying space bitmaps for lay- 
ers 0 and 1 respectively as effective space bitmaps. 
[0229] Later on, data Is written and, since the space 
bitmap for layer 0 Is updated, a new space bitmap for 
layer 0 Is added to the TDIVIA. As shown In FIG. 14B. 
the new space bitmap is recorded at the beginning of a 
free area. In this case, TDDS 4 recorded In the last sec- 
tor of the new space bitmap becomes the most recent 
TDDS. AD BPO, AD BP1 and AD DFL in TDDS 4 are 
used as addresses for specifying pieces of effective in- 
formation. 

[0230] To be more specific, AD BPO in TDDS 4 is used 
as an address for specifying a space bitmap for layer 0 
as a space bitmap, which Includes TDDS 4 Itself and 
serves as effective infomnation. Much like the state 
shown In FIG. 14A, AD BP1 In TDDS 4 Is used as an 
address for specifying a space bitmap for layer 1 as ef- 
fective information, and AD DFL in TDDS 4 is used as 
an address for specifying a TDFL as an effective TDFL. 
[0231] Later on, data Is written again and, since the 
space bitmap for layer 0 is updated, a new space bitmap 
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for layer 0 is added to the TDMA. As shown In FIG. 14C, 
the new space bitmap Is recorded at the beginning of 
Hie free area. In this case, TDDS 5 recorded In the last 
sector of the new space bitmap becomes the most re- 
5 cent TDDS. AD BPO, AD BP1 and AD DFL In TDDS 5 
are used as addresses for specifying pieces of effective 
infomnation. 

[0232] To be more specific, AD BPO In TDDS 4 is used 
as an address for specifying a space bitmap for layer 0 
to as a space bitmap, which Includes TDDS 4 Itself and 
serves as effective Infonriatlon. Much like the state 
shown In FIGS. 14 (a) and 14 (b), AD BP1 is used as 
an address for specifying a space bitmap for layer 1 as 
effective Information, and AD DFL is used as an address 
15 for specifying a TDFL as an effective TDFL. 

[0233] As described above, when a TDFL and/or a 
space bitmap are updated, a TDDS recorded In the last 
sector of the most recent Infonnatlon includes address- 
es indicating effective infomiation such as space bit- 
maps and a TDFL, which are included in the TDIMA. The 
effective Information is defined as the most recent space 
bitmaps and the most recent TDFL, which are cataloged 
in the TDMA before a finalize process. 
[0234] Thus, the disk drive Is capable of grasping an 
effective TDFL and effective space bitmaps by referring 
to a TDDS included in a last recorded TDFL or a last 
recorded space bitmap recorded in the TDMA. 
[0235] By the way, FIG. 14 is a diagram showing the 
state of updating contents of a TDMA for a two-layer 
disk. That Is to say, the TDMA Includes a space bitmap 
for layer 0 and a space bitmap for layer 1 . 
10236] The two space bitmaps and the TDFL are Ini- 
tially cataloged in the TDMA for layer 0. That Is to say, 
only the TDMA for layer 0 Is used and, every time a TD- 
FL and/or a space bitmap are updated, the new TDFL 
and/or the new space bitmap are added to the TDMA 
as shown in FIG. 14. 

[0237] The TDMA for layer 1 as the second layer Is 

used after the TDMA for layer 0 has been all used up. 
[0238] Then, the TDM Af or layer 1 Is also used for cat- 
aloging TDFLs and/or space bitmaps one after another 
by starting from the beginning of the TDMA. 
[0239] FIG. 1 5 is a diagram showing a state in which 
the TDMA for layer 0 is all used up after recording a TD- 
FL or a space bitmap N times. Then, a TDFL or a space 
bitmap Is cataloged continuously In the TDMA provided 
for layer 1 to serve as a continuation of the TDMA pro- 
vided for layer 0 as shown In FIG. 1 4C. 
[0240] In the state shown in FIG. 15, after the TDMA 
for layer 0 has been used up, two space bitmaps for iay- 
erl arefurthercatatogedlntheTDMAforlayerl. inthis 
state, TDDS N+2 recorded In the last sector of the most 
recent space bitmap for layer 1 1s the most recent TDDS. 
Much like the state shown in FIG. 1 4, In the most recent 
TDDS, AD BPO, AD BP1 and AD DFL point to pieces of 
effective infonnation as shown by a soild-llne arrow, a 
dashed-line arrow and a dotted-llne arrow respectively. 
That Is to say, AD BP1 In TDDS N+2 Is used as an ad- 
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dress for specifying a space bitmap for layer 1 as a 
space bitmap, which includes TDDS N+2 itself and 
serves as effective Information. On tiie other hand, AD 
BPO In TDDS N+2 Is used as an address for specifying 
a space bitmap for layer 0, that Is, the same space bit- 
map as that shown In FIG. 14C, and AD DFL In TDDS 
N+2 is used as an address for specifying a TDFL as ef- 
fective Information or most recently updated Informa- 
tion. 

[0241 ] It is needless to say that, If the TDFL, the space 
bitmap for layer 0 or the space bitmap for layer 1 is up- 
dated thereafter, the updated TDFL or space bitmap Is 
cataloged at the beginning of a free area In the TDMA 
for layer 1 . 

[0242] As described above, the TDMAs for recording 
layers 0 and 1 are used one after another for cataloging 
updated TDFLs and space bitmaps. Thus, the TDMAs 
for the recording layers can be used Jolntty as a large 
single TDMA. As a result a plurality of DiVIAs can be 
utilized with a high degree of efficiency. 
[0243] in addition, by searching only a ITSDS record- 
ed last without regard to whether the TDMA is provided 
for layer 0 or 1 , an effective TDFL and/or space bitmap 
can be grasped. 

[0244] in this embodiment, a one-layer disk and a two- 
layer disk are assumed as described above. It is to be 
noted, however, that a disk having three or more record- 
ing layers is also conceivable. Also in the case of a disk 
having three or more recording layere, tlis TDMAs for 
the layers can be used one after another in the same 
way. 

4: Disk Drive 

[0245] The following description explains a recording/ 
reproductton apparatus serving as a disk drive for the 
write-once optical disks described above. 
[0246] The disk drive provided by the embodiment Is 
capable of forming a layout of a write-once optical disk 
in a state explained earlier by referring to FIG. 1 by tor- 
matting the disk In a state wherein, typically, only the 
prerecorded Information area PIC shown In FIG. 1 has 
been created but no write-once area has been formed. 
In addition, the disk drive records data into the user-data 
area of the disk fonnatted in this way and reproduces 
data from the user-data, if necessary, the disk drives al- 
so updates a TDMA by recording Infomiatton therein 
and records data into an ISA or an OSA. 
[0247] FIG. 1 6 Is a diagram showing the configuration 
of the disk drive. 

[0246] A disk 1 is the write-once optical disk described 
above. The disk 1 is mounted on a turntable not shown 
in the figure, in a recording/reproduction operation, the 
turntable is driven Into rotation at a CLV (constant linear 
velocity) by a spindle motor 52. 
[0249] An optical pickup (optical head) 5t reads out 
ADIP addresses embedded on the disk 1 as a wobbling 
shape of a groove track and management/control Infor- 



mation as Infonnatlon prerecorded on the disk 1 . 
[0250] At an Initialization/formatting time or in an op- 
eration to record user data onto the disk 1 , the optical 
pickup 51 records management/control information and 
5 user data onto a track In a write-once area. In a repro- 
duction operation, on the other hand, the optical pickup 
51 reads out data recorded on the disk 1 . 
[0251] The optical pickup 51 includes a laser diode, a 
photo detector, an objective lens and an optical system, 
10 which are not shown In the figure. The laser diode Is a 
device serving as a source for generating a laser beam. 
The photo detector Is a component for detecting a beam 
reflected by the disk 1 . The objective lens is a compo- 
nent serving as an output terminal of the laser beam. 
The optical system is acomponentforradiatingthe laser 
beam to a recording face of the disk 1 by way of the 
objective lens and leading the reflected beam to the pho- 
to detector 

[02S2] In the opticEit pickup 51 , the objective lens is 
hekJ by a biaxial mechanism in such a way that the 
mechanism is capable of moving the objective lens In 
tracking and focus directions. 

[0253] In addition, the entire optical pickup 51 can be 
moved In the radial direction of the disk 1 by a thread 
mechanism 53. 

[0254] The laser diode included In the optical pickup 
51 is drh^en to emit a laser beam by a drive current gen- 
erated by a laser driver 63 as a drive signal. 
p)255] The photo detector employed In the optical 
pickup 51 detects Infonmatlon conveyed by a beam re- 
flected by the disk 1 , converts the detected infonnation 
Into an electrical signal proporttonai to the light Intensity 
of the reflected beam and supplies the electrical signal 
to a matrix circuit 54. 

[0256] The matrix circuit 54 has a cun-ent/voitage con- 
version circuit, which is used for converting a current 
output by the photo detector comprising a plurality of 
light-sensitive devices Into a voltage, and a matrix 
processing/amplification circuit for carrying out matrix 
processing to generate necessary signals. The neces- 
sary signals Include a high-frequency signal (or a repro- 
duced-data signal) representing reproduced data £is 
well as a focus error signal and a tracking error signal, 
which are used for servo control. 
[0257] In addition, a push-pull signal Is also generated 
as a signal related to wobbling of the groove. The signal 
related to wobbling of the groove Is a signal fordetecting 
the wobbling of the groove. 

[0258] It Is to be noted that the matrix circuit 54 may 
be physically integrated inside the optical pickup 51. 
[0259] The reproduced-data signal output by the ma- 
trix circuit 54 is supplied to a reader/writer circuit 55. The 
focus error signal and the tracking error signal, which 
are also generated by the matrix circuit 54, are supplied 
to a servo circuit 61 . The push-pull signal generated by 
the matrix circuit 54 Is supplied to a wobble circuit 56. 
[0260] The readerAwrlter circuit 55 Is a circuit for car- 
rying out processing such as a binary conversion proo- 
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ess on the reproduced-data signal and a process to gen- 
erate a reproduction clock signal by adopting a PLL 
technique to generate data read out by the optical pick- 
up 51 . The generated data Is then supplied to a demod- 
ulation circuit 56. 

[0261 ] The demodulation circuit 56 comprises a func- 
tional member serving as a decoder in a reproduction 
process and a functional member serving as an encoder 
in a recording process. 

[0262] in a reproduction process, the demodulation 
circuit 56 Implements demodulation process for run- 
iength limited code as decoding process on the basis of 
the reproduction clock signal. 
[0263] An ECC encoder/decoder 57 Is a component 
for carrying out an ECC encoding process to add en-or 
correction codes to data to be recorded onto the disk 1 
and an ECC decoding process for correcting errors In- 
cluded in data reproduced from the disk 1 . 
[0264] At a reproduction time, data demodulated by 
the demodulation circuit 56 Is stored In an Internal mem- 
ory to be subjected to error detectton/correctlon 
processing and processing such as a de-interleave 
process to generate the eventual reproduced data. 
[0265] The reproduced data obtained as a result of a 
decoding process carried out by the ECC encoder/de- 
coder 57 is read out from the internal memory and trans- 
ferred to an apparatus connected to the disk drive In ac- 
cordance with a command given by a system controller 
60. An example of the apparatus connected to the disk 
drive is an AV (Audio-Visual) system 120 
[0266] As described above, the push-pull signal out- 
put by the matrix circuit 54 as asignal reiatedto the wob- 
bling state of the groove is processed in the wobble cir- 
cuit 58. The push-pull signal conveying AOIP informa- 
tk>n is demodulated In the wobble circuit 58 into a data 
stream composing ADIP addresses. The wobble circuit 
58 then supplies the data stream to an address decoder 
59. 

[0267] The address decoder 59 decodes the data re- 
ceived thereby to generate addresses and then supplies 
the addresses to the system controller 60. 
[0268] The address decoder 59 also generates a 
clock signal by carrying out a PLL process using the 
wobble signal supplied by the wobble circuit 58 and sup- 
plies the clock signal to other components for example 
as a recording-time encode clock signal. 
[0269] The push-pull signal output by the matrix circuit 
54 as a signal related to the wobbling state of the groove 
is a signal originated from the prerecorded information 
PIC. in the wobble circuit 58, the push-pull signal Is sub- 
jected to a band-pass filter process before being sup- 
plied to the readerAvriter circuit 55, which can-ies out a 
binary conversion processtogeneratea data bit stream. 
The data bit stream is then supplied to the ECC encoder/ 
decoder 57 for carrying out ECC-decoda and de-inter- 
leave processes to extract data representing the prere- 
corded information. The extracted prerecorded Informa- 
tk>n is then supplied to the system controller 60. 



[0270] On the basis of the fetched prerecorcled Infor- 
mation, the system controller 60 Is capable of carrying 
out processes such as processing to set a variety of op- 
erations and copy protect processing. 
s [0271] At a recording time, data to be recorded Is re- 
ceived from the AV system 1 20. The data to be recorded 
is buffered in a memory employed in the ECC encoder/ 
decoder 57. 

[0272] In this case, the ECC encoder/decoder 57 car- 
lo ries out processes on the buffered data to be recorded. 
The processes Include processing to add error correc- 
tion codes, interleave processing and processing to add 
sub-codes. 

[0273] The data completing the ECC encoding proc- 
13 ess Is subjected to a demodulation process such as de- 
modulation adopting an RLL (1 -7) PP method In the de- 
modulation circuit 56 before being supplied to the read- 
er/writer circuit 55. 

[0274] In these encoding processes carried out at a 
recording time, the clock signal generated from the wob- 
ble signal as described above Is used as the encoding 
dock signal, which serves as a reference signal. 
[0275] After completing these encoding processes, 
the data to be recorded Is supplied to the reader/Writer 
circuit 55 to be subjected to recording compensation 
processing such as fine adjustment of a recording power 
to produce a power value optimum for factors including 
characteristics of the recording layer, the spot shape of 
the laser beam and the recording linear speed as well 
as adjustment of the shape of the laser drive pulse. After 
completing the recording compensation processing, the 
data to be recorded Is supplied to the laser driver 63 as 
laser drive pulses. 

(6276] The laser driver 63 passes on the laser drive 
pulses to the laser diode employed in the optical pickup 
51 to drive the generation of a laser beam from the di- 
ode. In this way, pits suitable for the recorded data are 
created on the disk 1 . 

[0277] It Is to be noted that the laser driver 63 includes 
the so-called APC (Auto Power Control) circuit for con- 
trolling the laser output to a fixed value Independent of 
ambient conditions such as the ambient temperature by 
monitoring the I aser output power. Adetector is provided 
in the opttoal pickup 51 to serve as a monitor for moni- 
toring the laser output power. The system controller 60 
gives a target value of the laser output power for each 
of recording and reproduction processes. The level of 
the laser output Is controlled to the target value for the 
recording or reproduction process. 
[0278] The servo circuit 61 generates a variety of ser- 
vo drive signals from the focus error signal and the track- 
ing error signal, which are received from the matrix cir- 
cuit 54, to carry out servo operations. The servo drive 
signals Include focus, tracking and thread servo drive 
signals. 

[0279] To put it concretely, the focus and tracking 
drive signals are generated In accordance with thefocus 
error signal and the tracking error signal respectively to 
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drive respectively focus and tracking colls of the biaxial 
mechanism employed In the optical pickup 51 . Thus, 
tracking and focus servo loops are created as loops 
comprising the optical pickup 51 , the matrix circuit 54, 
the setvo circuit 61 and the biaxial mechanism. 
[0280] In addition, In accordance with a track Jump 
command received from the system controller 60, the 
servo circuit 61 turns off the tracking servo loop and car- 
ries outatrackjump operation by outputting ajump drive 
signal. 

[0281] On top of that, the servo circuit 61 generates 
a thread drive signal on the basis of a thread error signal 
and an access execution control signal, which is re- 
ceived from the system controller 60, to drive the thread 
mechanism 53. The thread error signal Is obtained as a 
low-frequency component of the tracking enior signal. 
The thread mechanism 53 has a mechanism comprising 
a transmission gear, a thread motor and a main shaft for 
holding the optical pickup 51 . The thread mechanism 53 
drives the thread motor In accordance with the thread 
drive signal to slide the optical pickup 51 by a required 
distance. It is to be noted that the mechanism Itself Is 
not shown In the figure. 

[0282] A spindle servo circuit 62 controls the spindle 
motor 52 to rotate at a CLV. 

[0283] The spindle servo circuit 62 obtains a clock sig- 
nal generated in a PLL process for the wobble signal as 
Infomiation on the present rotaUonal speed of the spin- 
dle motor 52 and compares the present rotational speed 
with a predetermined CLV reference speed to generate 
a spindle error signal. 

[0284] in additton, a reproduction clock signal gener- 
ated at a data reproduction time by a PLL circuit em- 
ployed in the reader/writer drcult 55 Is used as the ref- 
erence clock signal of a decoding process as well as the 
Infomiation on the present rotational speed of the spin- 
die motor 52. Thus, by comparing this reproduction 
clock signal with the predetermined CLV reference 
speed, a spindle error signal can be generated. 
[0285] Then, the spindle sen/o circuit 62 outputs the 
^Indle drive signal, which Is generated In accordance 
with the spindle en-or signal, to carry out the CLV rotation 
of the spindle motor 52. 

[0286] In addition, the spindle servo circuit 62 also 
generates a spindle drive signal In accordance with a 
spindle kick/brake control signal received from the sys- 
tem controller 60 to carry out operations to start, stop, 
accelerate and decelerate the spindle motor 52. 
[0287] A variety of operations carried out by the servo 
system and the recording/reproduction system as de- 
scribed above Is controlled by the system controller 60 
based on a microcomputer. 

[0288] The system controller 60 can'iee out various 
kinds of processing in accordance with commands re- 
ceived from the AV system 1 20. 
[0289] When a write instruction (or a command to 
write data) Is received from the AV system 120, for ex- 
ample, the system controller 60 first of all moves the op- 



tical pickup 51 to an address into which the data Is to be 
written. Then, the ECC encoder/decoder 57 and the de- 
modulation circuit 56 carry out the encoding processes 
described above on the data received from the AV sys- 
s tern 1 20. Examples of the data are video and audio data 
generated In accordance with a variety of methodssuch 
as MPEG2. Subsequently, as described above, the 
reader/writer circuit 55 supplies laser drive pulses rep- 
resenting the data to the laser driver 63 In order to ac- 
io tually record the data on the disk 1 . 

[0290] On the other hand, when a read command to 
read out data such as MPEG2 video data from the disk 
1 is received from the AV system 120, for example, the 
system controller 60 first of all carries out a seek opor- 
to atlon to move the optical ptokup 51 to a target address 
at which the data is to be read out from the disk 1 . That 
Is to say, the system controller 60 outputs a seek com- 
mand to the servo circuit 61 to drive the optical pickup 
51 to make an access to a target address specified in 
the seek command. 

[0291] Thereafter, necessary control of operations is 
executed to transfer data of a specified segment to the 
AV system 1 20. That Is to say, the data Is read out from 
the disk 1 , processing such as the decoding and buffer- 
ing processes Is carried out in the readerAvriter circuit 

55. the demodulation circuit 56 and the ECC encoder/ 
decoder 57, and the requested data is transferred to the 
AV system 120. 

10292] It is to be noted that, in the operations to record 
data into the disk 1 and reproduce data from the disk 1 , 
the system controller 60 is capable of controlling ac- 
cesses to the disk 1 and the recording/reproduction op- 
erations by using ADIP addresses detected by the wob- 
ble circuit SB and the address decoder 59. 
[0293] In addition, at predetermined points of time 
such as the time the disk 1 is mounted on the disk drive, 
the system controller 60 reads out a unique ID from the 
BCA on the disk 1 In case the BCA exists on the disk 1 
and prerecorded Information (PIC) recorded on the disk 
1 as a wobbling groove from the reproduction-only area. 
[0294] In this case, control of seek operations is exe- 
cuted with the BCA and the prerecorded data zone PR 
set as targets of the seek operations. That is to say, com- 
mands are issued to the servo circuit 61 to make ac- 
cesses by using the optical pickup 51 to the Innemnost- 
circumf erence side of the disk 1 . 
[0295] Later on, the optical pickup 51 Is driven tocany 
out reproduction tracing to obtain a push-pull signal as 
information conveyed by a reflected beam. Then, de- 
coding processes are canried out in the wobble circuit 

56, reader/writer circuit 55 and ECC encoder/decoder 
57 to generate BCA infonnation and prereconded infor- 
mation as reproduced data. 

[0296] On the basis of the BCA Information and the 

prerecorded Information, which are read out from the 
disk 1 as described above, the system controller 60 car- 
ries out processing such as a process to set laser pow- 
ers and a copy protect process. 
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[0297] In the configuration shown In FIG. 1 6, a cache 
memory 60a Is employed In the system controller 60. 
The cache memory 60a Is used for holding typically a 
TDFL and/or a space bitmap, which are read out from 
the TDM A recorded on the disk 1 , so that the TD FL and/ 
or the space bitmap can be updated without making an 
access to the disk 1. 

[0298] When the disk 1 Is mounted on the disk drive, 
for example, the system controller 60 controls compo- 
nents of the disk drive to read out a TDFL and/or a space 
bitmap from the TDMA recorded on the disk 1 and store 
them In the cache memory 60a. 
[0299] Later on, when an alternate-address process 
Is carried out to renew data or due to a defect, the TDFL 
or the space bitmap stored In the cache memory 60a Is 
updated. 

[0300] Every time an alternate-address process Is 
carried out to write or renew data In the disk 1 and the 
TDFL or the space bitmap Is updated, for example, the 
updated TDFL or space bitmap can be additionally cat- 
aloged In the TDMA recorded on the disk 1 . By doing 
80, however, the TDMA recorded on the disk 1 will be 
used up at an early time. 

[0301 ] in order to solve this problem, only the TDFL 
or the space bitmap stored In the cache memory 60a Is 
updated till the disk 1 Is ejected from the disk drive. As 
the disk 1 is ejected from the disk drive, for example, the 
last (most recent) TDFL or space bitmap stored In the 
cache memory 60a Is transferred to the TDMA recorded 
on the disk 1. In this way, the TDMA recorded on the 
disk 1 is updated only after the TDFL and/or the space 
bitmap, which are stored in the cache memory 60a, has 
been updated a large number of times so that the 
amount of the TDMA consumption can be reduced. 
[0302] The explanation given thereafter Is based on 
a method to reduce the amount of consumption of the 
TDMA recorded on the disk 1 by using the cache mem- 
ory 60a in processing such as a recording process to be 
described later, it is needless to say, nevertheless, that 
the present invention can be Implemented without the 
cache memory 60a. Without the cache memory 60a, 
however, every time a TDFL or a space bitmap Is up- 
dated, the updated TDFL or the updated space bitmap 
must be cataloged in the TDMA recorded on the disk 1 . 
[0303] By the way, the typical configuration of the disk 
drive shown in FIG. 1 6 is the configuration of a disk drive 
connected to the AV system 120. However, the disk 
drive provided by the present invention can be connect- 
ed to an apparatus such as a personal computer. 
[0304] In addition, the disk drive may be designed into 
a configuration that cannot t>e connected to an appara- 
tus. In this case, unlike the configuration shown In FIG. 
16, the disk drive includes an operation unit and a dis- 
play unit or an Interface nramber for inputting and out- 
putting data. That is to say, data is recorded onto a disk 
and reproduced from the disk in accordance with an op- 
eration carried out by the user, and a terminal is required 
as a terminal for inputting and outputting the data. 



[0305] or course, othertypteal configurations arecon- 
celvable. For example, the disk drive can be designed 
as a recording-only apparatus or a reproduction-only 
apparatus. 

5 

5: Operations for the First TDMA Method 

5-1: Data Writing 

10 [0306] By referring to flowcharts shown In FIGS. 1 7 to 
20, the following description explains processing carried 
out by the system controiier 60 In a process to record 
data onto the disk 1 mounted on the disk drive. 
[0307] It is to be noted that, at the time the data-writing 
f5 process explained below is carried out, the disk 1 has 
already been mounted on the disk drive, and a TDFL as 
well as a space bitmap have been transferred from a 
TDMA on the disk 1 mounted on the disk drive to the 
cache memory 60a. 
^ [0308] in addition, when a request for a write opera- 
tion or a read operation Is received from a host appara- 
tus such as the AV system 120, the target address Is 
specified in the inquest as a logical sector address. The 
disk drh^e carries out loglcal/lshysical address conver- 
ts sion processing to convert the logical sector address In- 
to a physical sector address but the description of the 
conversion process for each request from time to time 
is omitted. 

[0309] it is to be noted that. In order to convert a iog- 

30 leal sector address specified by a host Into a physical 
sector address, it is necessary to add the physical ad- 
dress of the first sector In a user-data area' recorded in 
the TDDS to the logical sector address. 
[0310] Assume that a request to write data Into ad- 

3s dress N has been received from a host apparatus such 
as the AV system 120 by the system controller 60. in 
this case, the system controiier 60 starts processing rep- 
resented by the flowchart shown In FIG. 17. Rrst of all, 
at a step F1 01 , a space bitmap stored in the cache mem- 

4o ory 60a is refen-ed to In order to determine whether or 
not data has been recorded In a clutter at the specified 
address. The space bitmap stored in the cache memory 
60a is a space bitmap updated most recently. 
[0311] if no data has been recorded at the specified 

'*9 address, the flow of the processing goes on to a step 
F102 to CEury out a process to write user data Into the 
address as represented by the flowchart shown In FIG. 
18. 

[0312] If data has already been recorded at the spec- 
50 ified address so that the process to write the data of this 
time can not be Implemented, on the other hand, the 
flow of the processing goes on to a step F1 03 to carry 
out an ovenvrlte process represented by the flowchart 
shown In FIG. 19. 
55 [0313] The process to write user data into the address 
as represented by the flowchart shown in FIG. 1 8 is a 
process requested by a command to write the data into 
the address at which no data has been recorded. Thus, 
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the process to write user data Into the address as rep- 
resented by the flowchart shown In FIG. 18 Is an ordi- 
nary write process. If an error Is generated In the course 
of the write process due to a defect such as an Injury on 
the disk 1 , however, an alternate-address process may 
be carried out In some cases. 

[0314] First of all, at a step F1 1 1 , the system controller 
60 executes control to write the data Into the specified 
address. That Is to say, the optical pickup 51 is driven 
to make an access to the specified address and record 
the data of the write request Into the address. 
[0315] ir the operation to write the data Into the ad- 
dress is completed nonnalty, the flow of the processing 
goes on from the step F112 to the step F113 at which 
the space bitmap stored In the cache memory 60a Is 
updated. To put it In detail, the space bitmap Is searched 
for a bit corresponding to a cluster In which the data has 
been written this Ume, and the bit Is set to a value Indi- 
cating that data has been written into the cluster. Then, 
the execution of the processing for the write request Is 
ended. 

[031 6] If the operation carried out at the step F1 1 1 to 
write the data Into the address is not completed normally 
and an alternate-address process functton Is In an on 
state, on the other hand, the flow of the processing goes 
on from the step F112 to the step F114. 
[0317] It Is to be noted that the step F1 1 2 Is executed 
also to determine whether or not the alternate-address 
process function is In an on state by checking whether 
or not an ISA and^or an OSA have been defined. If at 
least either an ISA or an OSA has been defined, an al- 
ternate-address process can be CEUYled out. In this case, 
the alternate-address process functton Is determined to 
be In an on state. 

[0318] An ISA or an OSA is detemriined to have been 
defined if the size of the ISA or the OSA in the TDDS of 
the TDMA has bean set at a value other than a zero. 
That Is to say, at a formatting time of the disk 1 , at least 
either an ISA or an O SA is defined as an actually existing 
alternate area by specifying its size at avalue otherthan 
a zero In a TDDS and recording the TDDS In the first 
TDMA. As an alternative, for example, an OSA can be 
redefined by setting its stee at a value other than a zero 
In an operation to update a TDDS in a TDMA. 
[0319] After ail, if at least either an ISA or an OSA ex- 
ists, the alternate-address process function Is deter- 
mined to be In an on state. In this case, the flow of the 
processing goes on to the step S114. 
[0320] If the detamiination result obtained at the step 
F112 indicates that neither an ISA nor an OSA exists, 
Indteating that the alternate-address process function 
has been mads ineffective, on the other hand, the flow 
of the processing goes on to the step S113. it Is to be 
noted that, at this step, the space bitmap stored In the 
cache memory 60a is searched for a bit corresponding 
to a cluster at the specified address and the bit Is set at 
a value indicating that data has been recorded In the 
cluster. Then, the execution of the processing is ended. 



In this case, however, the write request Is ended In an 

error. 

[0321] in spite of the fact that a write sn-or has been 
generated, at the bit In the space bitmap, a flag Indlcat- 

s ing that data has been recorded in the cluster corre- 
sponding to the bit is set In the same way as a normal 
temnination of the processing. The setting of the flag 
means that the defective area Is managed by using the 
space bitmap as a cluster In which data has been re- 

10 corded. Thus, even if a request Is received as a request 
to write data Into the defective area, In which the error 
has been generated, by referring to the space bitmap, 
the processing of the request can be carried out with a 
high degree of efficiency. 

15 [0322] As described above. If the alternate-address 
process function is detemnined at the step F1 1 2 to be In 
an on state, the flow of the processing goes on to the 
step F114, first of all, to detemnine whether or not the 
alternate-address process can be actually carried out. 

^ [0323] In order to carry out the alternate-address 
process, the spare area, that Is, either the ISA or the 
OSA, must have a free area for at least recording the 
data requested In the write operation. In addition, the 
TDMA must have a margin allowing an entry of the al- 

25 ternate-address infonnatlon atl for managing this alter- 
nate-address process to be added, that Is. allowing the 
TDFL to be updated. 

[0324] it is possible to detenrilrre whether or not the 
ISA or the OSA has such a free area by checking the 

30 number of unused ISA/OSA clusters included in the de- 
fect-list management information shown in FIG. 7. As 
described earlier, the defect-list management Informa- 
tion Is included In a TDFL as shown in FIG. 11 . 
[0325] If at least either the ISA or the OSA has a free 

ss area and the TDMA has a margin for update, the flow of 
the processing can'led out by the system controller 80 
goes on from the step F1 1 4 to a step F1 1 5 at which the 
optlCEU pickup 51 Is driven to make an access to the ISA 
or the OSA and record the data requested In the write 

40 operation into the free area in the ISA or the OSA re- 
spectively. 

[0326] Then, at the next step F11 6, afterthe write op- 
eration requiring the alternate-address process, the TD- 
FL and the space bitmap, which have been stored in the 

« cache memory 60a. are updated. 

[0327] To put it In detail, the contents of the TDFL are 
updated by newly adding an entry of the alternate-ad- 
dress Infomiatlon atl representing the present altemats- 
address process as shown in FIG. 8 to the TDFL. In ad- 

so dition, in accordance with the addition of such an entry, 
the number of cataloged DFL entries In the defect-list 
management information shown in FIG. 7 Is Increased 
while the number of unused ISA/OS A clusters In the de- 
fect-list management information shown in FIG. 7 Is de- 

ss creased, if the alternate-address process Is carried out 
on one cluster, the number of cataloged DFL entries is 
Incremented by one while the number of unused ISA/ 
OSA clusters is decremented by one. it Is to be noted 
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that a process to generate the alternate-address Infor- 
mation at! will be described later. 
[0328] In addition, a bit Included In the space bitmap 
as a bit corresponding to a cluster at the address, at 
which an en'or of the requested write operation has been 
generated, Is set at a value Indicating that data has been 
recorded in the cluster. By the same token, a bit included 
in the space bitmap as a bit corresponding to an ISA or 
OSA cluster, In which the data has been actually record- 
ed. Is set at a value Indicating that data has been re- 
corded In the cluster. 

[0329] Then, the execution of the processing of the 
write request is ended, in this case, however, a write 
error has been generated at the address specified In the 
write request, by carrying out the alternate-address 
process, thewrlte operation can be completed. From the 
standpoint of the host apparatus, the processing of the 
write Is ended normally. 

[0330] If the detemiinatlon result obtained at the step 
F114 Indicates that neither the ISA nor the OSA has a 
free area orthe TDMA does not have a margin for TDFL 
to be updated, the flow of the processing ceuried out by 
the system controller 60 goes on to a step F1 1 7 at which 
an error report Is returned to the host apparatus and the 
execution of the processing is ended. 
[0331] If the detemnination result obtained atthestep 
F101 of the flowchart shown In FIG. 17 Indicates that 
data has alreadybeen recorded atthe address specified 
In the write request made by the host apparatus as ev- 
idenced by the tact that a bit Included in the space bit- 
map as a bit corresponding to a cluster at the address 
has been set at a value indicating that data has been 
recorded In the cluster, the flow of the processing goes 
on to the step F103 as described earlier. At this step, 
the overwrite function process represented by the flow- 
chart shown In FIG. 19 is carried out. 
[0332] The flowchart begins with a step F1 21 at which 
the system controller 60 deteimlnes whether or not the 
overwrite function or the data renewal function is effec- 
tive. The system controller 60 is capable of detenrtlnlng 
whether or not the overwrite function Is effective by re- 
ferring to a flag included In the TDDS shown In FIG. 12 
as a flag Indicating whether or not the overwrite function 
is usable. 

[0333] If the flag indicating whether or not the over- 
write function is usable is not set at 1 indicating that the 
function is not effective, the flow of the processing goes 
on to a step.F122 at which an error report indicating in- 
correct specification of the address Is returned to the 
host apparatus and the execution of the processing is 
ended. 

[0334] If the flag indicating whether or not the over- 
write function Is usable is set at 1 1ndicating that the data 
renewal function Is effective, on the other hand, the 
processing of the data renewal function is started. 
[0335] In this case, the flow of the processing goes on 
to a step F1 23 first of ail to determine whether or not the 
alternate-address process can be carried out. As de- 



scribed above. In order to carry out the alternate-ad- 
dress process, the spare area, that Is, either the ISA or 
the OSA, must have a free area for at least recording 
the data requested In the write operation and, In addl- 
s tlon, the TDMA must have a margin allowing an entry of 
the altemate-address Information ati for managing this 
attamata-address process to be added, that is. allowing 
the TOFL to be updated. 

[0336] If at least either the ISA or the OSA has a free 

10 area and the TDMA has a margin allowing an entry of 
the altemate-address information ati for managing this 
altemate-address process to be added, the flow of the 
processing carried out by the system controller 60 goes 
on from the step F 1 23 to a step F1 24 at which the optical 

19 picl<up 51 Is driven to make an access to the ISA or the 
OSA and record the data requested In the write opera- 
tion Into the free area inthe ISA or the OSA respectively. 
[0337] Then, at the next step F1 25, after the write op- 
eration requiring execution of the altemate-address 

^ process, the TDFL and the space bitmap, whksh have 
been stored In the cache memory 60a, are updated. To 
put It in detail, the contents of the TDFL are updated by 
newly adding an entry of the altemate-address informa- 
tion ati representing the present alternate-address proe- 
ms ess as shown In FIG. 8 to the TDFL. 

[0338] However, data at the same address may have 
been renewed before and an entry of the alternate-ad- 
dress Information ati representing the altemate-address 
process for the renewal has thus been cataloged on the 

30 TDFL. in such a case, first of all, all pieces of altemate- 
address information ati cataloged in the TDFL are 
searched for an entry including the address as an alter- 
nate source address. If altemate-address inf onnation ati 
has been cataloged in the TDFL as an entry Including 

3s the address as an alternate source address, the alter- 
nate destination address included In the alternate-ad- 
dress information ati is changed to the address in the 
ISA or the OSA. Since the TDFL containing such alter- 
nate-address information ati as an entry has been 

40 stored In the cache memory 60a at the present point of 
Ume, the change of the altemate destination address of 
the alternate-address infomiatlon ati can made with 
ease, it is to be noted that, without the cache memory 
60a, every time the TDFL recorded on the disk 1 is up- 

't9 dated, the already cataloged entry must be deleted from 
the TDFL before adding a new entry to the TDFL. 
[0339] If a new entry of the alternate-address informa- 
tion ati Is added to the TDFL, the number of cataloged 
DFL entries in the defect-list management information 

so shown in FIG. 7 is increased while the number of unused 
iSA/OSA clusters In the defect-list management Infor- 
mation shown in FIG. 7 is decreased. 
[0340] in addition, a bit Included in the space bitmap 
asabitcon'espondingto an ISA or OS A cluster, in which 

ss the data has been actually recorded, is set at a value 
indicating that data has been recorded in the cluster. 
[0341] Then, the execution of the processing of the 
write request is ended. By carrying out the processing 
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to use the ISA or the OSA as described above, the sys- 
tem controller 60 Is capable of coping with a data renew- 
al request, which Is a request to write data into an ad- 
dress at which data has been recorded. 
[0342] If the detemiinatton result obtained at the step 
F123 Indicates that neither the ISA nor the OSA has a 
free area or the TDMA does not have a margin allowing 
an entry of the alternate-address Infomnatlon atl for nnan- 
aglng this alternate-address process to be added, on the 
other hand, the flow of the processing carried out by the 
system controller 60 goes on to a step F1 26 at which an 
error report indicating no free write area is returned to 
the host apparatus and the execution of the processing 
is ended. 

[0343] By the way, at the step F11 6 of the flowchart 
shown in FIG. 18 and the step F125 of the flowchart 
shown In FIG. 19, alternate-address Information ati Is 
newly generated for the alternate-address process by 
the system controller 60 in processing represented by 
the flowchart shown In FIG. 20. 
[0344] The flowchart shown in FIG. 20 begins with a 
step F1 51 to detennlne whether or not the alternate-ad- 
dress process Is a process carried out on a plurality of 
physfcally continuous clusters. 
[0345] If the alternate-address process Is a process 
carried out on a cluster or a plurality of physically dis- 
continuous clusters, the flow of the processing goes on 
to a step F154 at which alternate-address information 
atl \a generated for the cluster or each of the physically 
discontinuous clusters, in this case, status 1 of the data 
structure shown in FIG. 8 is set at 0000 for each alter- 
nate-address Information ati as is the case with the nor- 
mal alternate-address process. Then, at the next step 
F1S5, each alternate-address Infomiatlon atl generated 
in this way Is added to the TOFL. 
[0346] tf the alternate-address process is a process 
carried out on a plurality of physically continuous alter- 
nate source and alternate destination clusters, on the 
other hand, the flow of the processing goes on to a step 
F1 52 at which, first of ail, alternate-address Information 
atl is generated for clusters at the beginnings of the al- 
ternate source and alternate destination clusters, and 
status 1 of the aitemate-address infomnatlon ati is set at 
0101. Then, at the next step F1 53, aitemate-address in- 
formation atl is generated for clusters at the ends of the 
alternate source and alternate destination dusters, and 
status 1 of the aitemate-address infomnatlon atl Is set at 
1010. Then, at the next step F155, the two pieces of 
aitemate-address infonnation ati generated in this way 
are added to the TDFL. 

[0347] By carrying out the processing described 
above, even an alternate-address process for three or 
more physically continuous d usters can be managed by 
using only two pieces of aitemate-address Information 
ati. 



5-2: Data Fetching 

[0348] By referring to a flowchart shown in FIG. 21 , 
the following description explains processing carried out 
s by the system controller 60 to reproduce data from the 
disk 1 mounted on the disk drive. 
[0349] Assume that the system controller 60 receives 
a request to read out data recorded at an address spec- 
ified In the request from a host apparatus such as the 

10 AV system 120. Inthiscase, theflowchart representing 
the processing beginswith a step F201 atwhich the sys- 
tem controller 60 refers to a space bitmap to determine 
whether or not data has been stored In the address 
specified In the request. 

13 [0350] If no data has been stored In the address spec- 
ified In the request, the flow of the processing goes on 
to a step F202 at which an error report Indicating that 
the specified address is an incorrect address Is returned 
to the host apparatus. 

^ [0351] If data has been stored in the address specified 
In the request, on the other hand, the flow of the process- 
ing goes on to a step F203 at which the TOFL is 
searched for aitemate-address Information ati including 
the specified address as an alternate source address In 

^ order to detemnine whether ornot an entry including the 
specified address has been cataloged on the TDFL. 
[0352] if alternate-address Infonnation ati including 
the specified address as an alternate source address is 
not found in the search, the flow of the processing goes 

30 on from the step F203 to a step F204 at whk:h data is 
reproduced from an area starting at the specified ad- 
dress before ending the execution of the processing, 
which Is a normal process to reproduce data from the 
user-data area. 

3s [0353] if the determination result obtained at the step 
F203 Indicates that aitemate-address Information ati in- 
cluding the specified address as an alternate source ad- 
dress has been found in the search, on the other hand, 
the flow of the processing goes on from the step F203 

40 to a step F206 atwhich an alternate destination address 
Is acquired from the alternate-address infonnation atl. 
This alternate destination address Is an address in an 
ISA or an OSA. 

[0354] Then, at the next step F206, the system con- 
45 troiier 60 reads out data from the ISA or OSA address, 
which has been cataloged in the aitemate-address In- 
fomnatlon atl as an alternate destination address, and 
transfers the reproduced data to the host apparatus 
such as the AV system 120 before ending the execution 
50 of the processing. 

[0355] By carrying out the processing described 
above, even If a request to reproduce data Is received 
after the data has been renewed, the most recent data 
can be reproduced appropriately and transferred to the 
ss host. 
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5-3: Updating of the TOFL/Space Bitmap 

[0356] In the processing described above, the TDFL 
stored In the cache nnemory 60a Is updated In case the 
process to write data Into a cluster Is accompanied by 
an alternate-address process and the space bitmap also 
stored in the cache memory 60a Is updated to reflect the 
data write process. At a certain point of time, the updat- 
ed TDFL and space bitmap need to be transferred to the 
TDMA recorded on the disic 1 . That Is to say, It Is nec- 
essary to update the state of management based on ai- 
ternate-address processes and the recording state, 
which are states recorded on the disic 1 . 
[0357] It Is most desirable to updatetheTDMA record- 
ed on the disk 1 at a point of time the disk 1 Is about to 
be ejected from the disk drive even though the timing to 
updatetheTDMA Is not limited to the timing to eject the 
disk 1 . Besides the timing to eject the disk 1 , the TDMA 
can also be updated when the power supply of the disk 
drive is turned off or updated periodically. 
[0358] FIG. 22 shows a flowchart representing proc- 
ess to update the TDMA recorded on the disk 1 . At an 
ejection time or the like, the system controller 60 deter- 
mines whether or not It Is necessary to update the con- 
tents of the TDMA, that Is, whether or not it Is necessary 
to catalog the updated TDFL or space bitmap In the TD- 
MA. If necessary, a process to update Infomnation In the 
TDMA Is carried out. 

[0359] At an ejection time or the like, the system con- 
troller 60 canles out processing to update the TDFL and/ 
or the space bitmap. This processing starts at a step 
F301 of the flowchart shown In FIG. 22. 
[0360] The flowchart acbially begins with a step F302 
to detemnire whether or not the TDFL stored In the 
cseclne memory 60a has been updated. If the TDFL has 
been updated, the flow of the processing goes on to a 
step F303 at which a TDDS shown in FIG. 1 2 is added 
to the updated TDFL, being recorded In the last sector 
of the TDFL. 

[0361 ] Then , at the next step F304, the optical pickup 
61 Is driven to record the TDFL at the beginning of a free 
area In the TDMA recorded on the disk 1 . It Is to be noted 
that, at that time, since data is newly recorded in the 
TDMA, the space bitmap stored In the cache memory 
60a Is also updated. 

[0362] Then, aftertheTDFL is recorded in the TDMA, 
the flow of the processing goes on to a step F305. The 
flow of the processing also goes on to the step F305 
fromthastsp F302 because thaTDFL was not updated, 
in either case, the space bitmap stored In the cache 
memory 60a Is checked to determine whether or not the 
bitmap has been updated. 

[0363] If the TDFL has been updated as described 
above, at least, the space bitmap has also been updated 
at that time. This is because an alternate-address proc- 
ess has been canled out so that the space bitmap has 
also been updated as well In accordance with the alter- 
nate-address process, in addition, the space bitmap is 



also updated In accordance with an operation to record 
data In a cluster even if no alternate-address process 
has been carried out. 

[0364] If the space bitmap stored in the cache mem- 
s ory 60a has been updated In one of the situations de- 
scribed above, the flow of the processing goes on to a 
step F306, at which the TDDS shown In FIG. 12is added 
to the updated space bitmap stored in the cache mem- 
ory 60a, being recorded In the last sector of the space 
10 bitmap. Then, at the next step F307, the optical pickup 
51 Is driven to record the space bitmap at the beginning 
of a free area In the TDMA recorded on the disk 1 . Fi- 
nally, the execution of the processing to record the upr 
dated TDFL and/or the updated space bitmap In the TD- 
MA at an ejection time or the like is ended. 
P365] It Is to be noted that, if no data has been written 
into the disk 1 at ail since the disk 1 was nnounted on 
the disk drive, the flow of the processing represented by 
the flowchart shown In FIG. 22 goes from the step F302 
to the end by way of the step F305 without recording an 
updated TDFL and/or an updated space bitmap In the 
TDMA. 

[0368] At the steps F304 and F307, the TDFL and the 
space bitmap are recorded sequentially at the beginning 
of a free area In the TDMA recorded on the disk 1 as 
explained earlier by referring to FIGS . 1 4 and 1 5. In the 
case of a two-tayer disk, the TDMA on layer 0 is used 
first as an area for recording the TDFL and the space 
bitmap and, after no more free area Is left In the TDMA 
on layer 0, the TDMA on layer 1 is used. 
[0367] In addition, in the case of both the one-layer 
disk and the two-layer disk, a TDDS added to the last 
TDFL or space bitmap In the TDMA, being recorded In 
the last sector of the last TDFL or the last sector of the 
last space bitmap Is the effective TDDS, which points to 
the effective TDFL and the effective space bitmap. 
[0368] By the way, when a TDFL is additionally re- 
corded In the TDMA at the step F303, F304, atechnlque 
may also be adopted as a conceivable teciinique for re- 
structuring pieces of alternate-address Information atl 
stored In the cache memory 60a. 
[0369] FIG. 23 shows a flowchart representing a typ- 
ical alternate-address Information restructure process. 
This process can be carried out typically before the step 
F303 of the flowchart shown In FIG. 22. 
[0370] At a step F351 , pieces of alternate-address In- 
fomnation ati cataloged on the TDFL stored in the cache 
memory 60a are searched to verify whether or not xhe 
following condition exists. The source and destination 
dusters represented by specific pieces of alternate-ad- 
dress Infomiation atl are respectively physical continu- 
ation of the source and destination clusters represented 
by the other spek^lflc pieces of alternate-address infor- 
mation atl. 

[0371] If such specific pieces of alternate-address in- 
fomiation atl were not been found in the search, the flow 
of the processing goes from the step F352 back to the 
step F303 of the flowchart shown In FIG. 1 1 without car- 
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rylng out any process. 
[0372] If such two specific pieces of alternate-address 
Information atl were found In the search, on the other 
hand, the flow of the processing goes on to a step F353 
at which the specific pieces of aitemate-address Infor- 
mation atl are synthesized for the purpose of restructur- 
ing them. 

[0373] The steps F352 and F353 are executed re- 
peatedly to synthesize any pair of such specific pieces 
of alternate-address Information atl. After all such spe- 
cific pieces of alternate-address Information atl are proc- 
essed, the flow of the processing goes from the step 
F352 bacic to the step F303. 

[0374] FiG. 24 Is an explanatory diagram showing the 
aitemate-address Infomiation restructure process. 
[0375] Assume for example that, as shown In FIG. 
24A, requests to write data into clusters CL1 , C1 2, C1 3 
and C1 4 are received separately, and data Is written Into 
clusters CL11, C112, C113 and C114 respectively in an 
OSA through an aitemate-address process. 
[0376] In this case, since the four requests to write 
data into the clusters are received separately, four piec- 
es of alternate-address information atl are each catal- 
oged as an entry having status 1 of 0000 as shown In 
FIG. 24B. 

[0377] However, two pieces of alternate-address in- 
fomiation atl having status 1 of 0101 and status 1 of 
1010 respecUvely can be applied to four aitemate-ad- 
dress continuous destination dusters CL1, C12, C13 
and C14 and four alternate-address continuous source 
clusters CL11 , C112, C113 BndC114 used in this exam- 
ple. 

[0378] Thus, as shown in FiG. 24C, the four entries 
can be restructured Into a start entry with status 1 of 
0101 indicating start source cluster C11 as well as start 
destination cluster C111 and an end entry with status 1 
of 1 01 0 Indicating end source cluster CI 4 as well as end 
destination ciusterC1 1 4. As a result, thenumber of piec- 
es of alternate-address Infonretion atl recorded on the 
disk 1 can be reduced. 

[0379] it Is to be noted that such restnicturing of aiter- 
nate-EWldress infonnation can of couree be applied to 
any pair of entries with status 1 of 0101 and 1010 indi- 
cating a plurality of continuous source and a plurality of 
destination clusters as described above. For example, 
a first pair of entries represents a plurality of first contin- 
uous source clusters and a plurality of first continuous 
destination clusters. By the same token, a second pair 
of entries is a pair provkied for a plurality of second con- 
tinuous source clusters and a plurality of second contin- 
uous destination clusters. If the second continuous 
source clusters are a continuation of the first continuous 
source clusters and the second continuous destination 
ciustera are a continuation of the first continuous desti- 
nation clusters, the first pair of entries and the second 
pair of entries can be restmctured into a new pair of en- 
tries. 

[0360] In addition. If a plurality of continuous source 
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and destination clusters represented by a pair of entries 
with status 1 of 01 01 and status 1 of 1 01 0 as described 
above are respectively continuations of source and des- 
tination clusters represented another entry with status 
5 1 Of 0000, the pair of entries can be restructured Into a 
new pair including the other entry. 

5-4: Conversion into Compatible Disks 

10 [0381] By the way, in a writable optical disk, manage- 
ment of alternate addresses Is executed by using alter- 
nate-address management Information stored In the 
DMA recorded on the disk. That is to say, unlike the disk 
1 provided by the embodiment, a TDMA Is not provided 
IS so that the aitemate-address management Information 
stored in the DMA itself is renewed to keep up with an 
executed alternate-address process. The data structure 
of the DMA recorded on a writable optical disk is the 
same as the DIViA recorded on the disk 1 provkJed by 
the embodiment. 

[0382] In the write-once optical disk provided by the 
embodiment, on the other hand, data can be written Into 
an area Including the TDMA only once so that the em- 
t)odlment must adopt a technique to update the TDIMA 
t>y adding alternate-address management infonnation 
to the TDMA. 

[0383] Thus, in order make a disk drive for a writable 
optical disk capable of reproducing data from the disk 1 
provided by the embodiment. It Is necessary to reflect 
most recent aitemate-address management Informa- 
tion recorded in the TDMA in the DMA. 
[0384] In addition , In the case of a writable optical disk 
or the like, alternate-address infonnation atl is recorded 
in the DMA for each cluster even If an alternate-address 
process Is carried out on clusters located in a contiguous 
area. In the case of a write-once optical disk like the one 
provided by the present Invention, that is, In the case of 
a disk with a recording capacity decreasing due to data 
written therein, however, it Is specially important to ef- 
fectively utilize the limited area of the TDMA. It is thus 
desirable to adopt a method of not increasing the size 
of the TDFL even In an alternate-address process car- 
ried out on clusters of a contiguous area. Thus, Instead 
of including ail cluster addresses completing an alter- 
nate-address process as alternate-address Information 
atl in the temporary defect management Infonnation TD- 
FL recorded In the TDMA, a burst-transmission format 
represented by a pair of entries with status 1 of 0101 
and status 1 of 1010 as described above is adopted so 
as to reduce the number of pieces of recorded aitemate- 
address infonnation atl. That Is to say, if addresses of 
three or more continuous clusters are subjected to an 
aitemate-address process, a contiguous area Is allocat- 
ed as aitemate-address destinations for the addresses 
so that only two entries of the alternate-address infor- 
mation atl need to be cataloged on the TDFL. 
[0385] in the case of a write-once optical disk provid- 
ed by the embodiment, aitemate-address Infonnation atl 
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Is cataloged on the TDFL every time an altemate-ad- 
dress process Is carried out. Thus, the size of Inlorma- 
tion cataloged on the TDFL changes. That Is to say, as 
the number of clusters subjected to the altemate-ad- 
dress process Increases, the size of Information catal- 
oged on the TDFL also rises. By collecting a plurality of 
continuous clusters subjected to an alternate-address 
process Into a group of clusters dealt with by carrying 
out the alternate-address process only once as de- 
scribed above, however, the Increase in TDFL used ar- 
ea can be reduced. 

[0386] If compatibility of the write-once optical disk 
Implemented by the embodiment with the writable opti- 
cal 6\sk Istalten Into consideration, it is deslrEU>leto pro- 
vide the write-once optical disk with the format of a DFL 
In the DMA Identical with the corresponding format In 
the writable optical disk. The DFL In the DMA Is obtained 
as a result of conversion of a TDFL recorded In the TD- 
iWA. 

[0367] To put It concretely, It Is desirable to record all 
pieces of alternate-address infonnation atl In a format 
with status 1 set at 0000. By using such a fomiat, It Is 
not necessary for the disk drive to switch processing re- 
lated to Infonnation stored In the DMA from one com- 
patible with thewrite-once optical disk to one compatible 
with the wrttabis optical disk or vice versa so that a 
processing toad borne by the disk driver can be reduced. 
[0388] For the reason described above, when Infor- 
mation recorded In theTDMA Is transferred to the DMA 
recorded on the disk 1, processing represented by a 
fkjwchart shown in FIG. 25 is carried out. It Is to be noted 
that the infonnation transferred to the DMA is final alter- 
nate-address management infonnation so that data can 
no longer be renewed by using the TDMA. Thus, the 
processlngto transfer Infonnation recorded IntheTDMA 
to the DMA recorded on the disk 1 is carried out typically 
as a finalize-time process. In addition, the processing to 
transfer Information recorded In the TDMA to the DMA 
recorded on the disk 1 means a process to convert the 
disk 1 1nto a disk having compatibility with a writable op- 
tical disk. 

[0369] When the processing to ti^sfer Information 
recorded in the TDMA to the DMA to convert the disk 1 
into a disk having compatibility with a writable optical 
disk is carried out, first of ail, at a step F401 of the flow- 
chart shown in FIG. 25, the system controller 60 carries 
out a process to transfer a TDFL and/or a space bit map 
from the cache memory 60a to the TDMA. Since this 
process is similar to the process represented by the 
ftowchart shown in FIG. 22 as processing carried out at 
an injection time or the like, its detailed descriptton Is 
not repeated. 

[0390] Then, at the next step F402, the most recent 
TDDS recorded in the last sector of the TDMA Is read 
out to create information of the DDS shown in FIG. 5. 
[0391 ] Subsequently, the flow of the processing goes 
on to the next step F403 to detemnlna whether or not the 
TDFL Includes one or more pieces of alternate-address 



infomnatton atl. Thus, first of all, the most recent TDFL 
Is read out from the TDMA. As explained earlier by re- 
ferring to FIG. 14, Information on the recording location 
of the effective TDFL can be obtained from the TDDS. 
s The number of cataloged pieces of alternate-address in- 
formation atl can be obtained from the defect-list man- 
agement Information of the TDFL as the number of cat- 
aloged DFL entries. 

[0392] The number of cataloged pieces of alternate- 

10 address information atl set at 0 Indicates that no alter- 
nate-address infonnation atl Is cataloged. In this case, 
the flow of the processing goes on to a step F404 at 
which the TDDS is deleted from the TDFL to leave data 
for creating a DFL like the one shown in FIG. 6. This is 
15 because, as shown In FIG. 11 , the TDFL includes the 
TDDS. 

[0393] Then, at the next step F408, the created DDS 
and DFL are recorded In DMA 1, DMA2, DMA 3 and 
DMA 4, which have been allocated on the disk 1 , before 
the execution of the processing is ended. 
[0394] If the determination result obtained at the step 
F403 indicates that the number of cataloged pieces of 
alternate-address information atl Is 1 or greater, on the 
other hand, the flow of the processing goes on to a step 
F405 to detennine whether or not an alternate-address 
process has been carried out on continuous altemate- 
address source and destination areas. 
[0395] At the step F405, first of all, status 1 of alter- 
nate-address Infonnation atl cataloged on the TDFL as 
an entry is fetched. Alternate-address informatton atl 
with status 1 of 01 01 indicates that an alternate-address 
process has been carried out on continuous alternate- 
address source and destination areas represented by 
the alternate-address Infonnation atl. 
pi396] On the other hand, all the entries cataloged on 
the TDFL having status 1 of 0000 Indicate that no alter- 
nate-address process has been carried out on continu- 
ous Bitemate-address source and destination areas, in 
this case, the flow of the processing goes on to a step 
F408 at which the TDDS Is deleted from the TDFL to 
leave data for creating a DFL. 
[0397] If an alternate-address process has been car- 
ried out on continuous altemate-address source and 
destination areas, first of all, at a step F409. entries with 
status 1 of 0000 are copied to the DFL. These entries 
each represent alternate-address information atl for an 
alternate-address process carried out on a normal one- 
to-one pair consisting of a source cluster and a destina- 
tion cluster. 

[0398] Then, at the next step F41 0, alternate-address 
infonmatlon atl with status 1 of 01 01 Is acquired and the 
alternate source address in the alternate-address infor- 
mation atl is saved as a start address SA. Then, alter- 
nate-address information atl following the alternate-ad- 
dress infonnation at! with status 1 of 0101 is acquired 
and the alternate source address in the following alter- 
nate-address Information atl Is saved as an end address 
EA. 
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[0399] Then, atthe next step F411 , atternate-address 
Infomnatlon atl with status 1 of 0000 Is cataloged on the 
DFL as alternate-address Infonnatlon atl Including the 
start address SA as the alternate source address. Sub- 
sequently, the start address SA Is Incremented by 1 (SA 
= SA + 1), Then, alternate-address Information atl with 
status 1 of OOOO is cataloged on the OFL as alternate- 
address Information atl Including the Incremented start 
address (SA + 1 ) as the alternatesource address. These 
processes are can'led out repeatedly till the Incremented 
start address SA reaches the end address EA. By car- 
rying out these processes repeatedly as described 
above, alternate-address infonnatlon atl representing 
continuous atternate-address source and destination 
areas Is cataloged on the DFL as a plurality of entries 
each describing atternate-address Infonnation atl repre- 
senting a normal one-to-one pair consisting of a source 
cluster and a destination cluster. 
[0400] Then, at the next step F412, the TDFL Is 
searched for other alternate-address information entry 
with status 1 of '0101'. If such an entry Is found In the 
search, the flow of the processing goes back to the step 
F41 0 to repeat the processes described above. That Is 
to say, the processes of the steps F410 and F411 are 
canled out on all pieces of altemate-addrass informa- 
tion atl with status 1 of 01 01 on the TDFL. 
[0401 ] Then , the flow of the processing goes on from 
the step F406 or the step F412 to a step F407 at which 
the pieces of altemats-address Information ati catal- 
oged on the created DFL are rearranged In an order of 
increasing alternate source addresses. 
[0402] Then , at the next step F408, the created DOS 
and DFL EUie recorded In DMA 1 , DMA 2, DMA 3 and 
DMA 4, which have been allocated on the di8l< 1 , before 
the execution of the processing Is ended. 
[0403] By canying out the processing described 
above, alternata-address information recorded in the 
TDMA Is recorded in the DMA by converting the infor- 
mation into entries each having status 1 of 0000. 
[0404] The disic drive designed tor a writable optical 
disic reads out infonnnation from the DMA to veriiy the 
state of the atternate-address process. Since the disk 1 
provided by the embodiment is converted into a disk 
having a DMA created as described at>0V9, it Is possible 
to verily the state of the altsmate-address process and 
carry out processing In accordance with the state in the 
same way as the ordinary writable optical disk. 

6: Effects of the First TDMA Method 

[0405] The disk 1 and the disk drive, which are Imple- 
mented by the embodiment, have the following effects. 
[0406] in accordance with the embodiment, a write re- 
quest can be made more than once to write data at the 
same address in a write-once optical disk. Thus, it is 
possible to apply a file system, which used to be unus- 
able, to the conventional write-once opttoai disk. For ex- 
ample, a file system for a variety of operating systems 



(OS) can be applied as It Is. An example of such a file 
system Is a FAT file system. In addition, data can be ex- 
changed without being conscious of differences in OS. 
[0407] On top of that, the write-once optical disk 
s makes It possible to renew not only user data but, of 
course, directory infomnatlon of the FAT or the like re- 
corded in the user-data area. Thus, the write-once op- 
tical disk provides convenience that data such as direc- 
tory Infonnatlon of the FAT or the like can be updated 
*o from time to time. 

[0408] Assuming that the AV system 1 20 Is used, vid- 
eo and musical data can be utilized as updateable me- 
dia as long as a free area of an ISA or an OSA remains. 
[0409] in addition, an operation to record data Into an 
address specified by a host computer or the like as an 
address In the write-once optical disk or read out data 
from such an address is a heavy processing ioadforthe 
disk drive. If a write instruction specifying an address Is 
received and the address is known as an address at 
which data has already been recorded before, an error 
report can be returned without actually making an ac- 
cess to the write-once optical disk. In orderto Implement 
such a configuration. It is necessary to manage the re- 
cording states of the write-once optical disk and, in this 
embodiment, a space bitmap is used as means for im- 
plementing the management of the recording states. 
[0410] By preparing a space bitmap, random record- 
ing on a write-once optical disk having a large storage 
capacity can be implemented without Innposlng a 
processing load on the disk drive, in addltton, since re- 
cording states of alternate areas can be managed, an 
aitemate destination address used in an alternate-ad- 
dress process of a defect or a logical ovenwrfting proc- 
ess can be acquired without actually making an access 
to the write-once optical disk. 
[0411] On top of that, by using the space bitmap for 
managing management/control information areas allo- 
cated on the disk as the lead-In and the lead-out zones, 
recording states of the management/control infomnatlon 
can also be managed. In particular, the management of 
the test area OPC sen/lng as an area for adjusting the 
power of the laser beam Is effective. With the conven- 
tional technique, an access must be actually made to 
the disk in order to search the disk for the address in- 
cluded In the OPC as an address at which data shouU 
be written, it Is thus quite within the bounds of posstoiiity 
that an area In which data has been recorded by using 
a small laser power is interpreted as an unrecorded ar- 
ea. By using the space bitmap for also managing the 
OPC area, however, It is possible to avoid such misin- 
terpretation. 

[0412] By combining the overwrite function described 
before with the space bitmap, the processing load borne 
t>y the disk drive can be reduced. That Is to say, as is 
obvious from the pieces of processing represented by 
the flowcharts shown in FiGS. 1 7 to 21 , without actually 
making an access to the disk, it is possible to detenmlne 
whether or not the overwrite function is to be activated. 
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[0413] In addition, by putting a defective area detect- 
ed at a write time and surroundings of the area In re- 
corded status In the space bitmap, it Is possible to elinn- 
Inate a time-consuming process to record data at a de- 
fective address caused by an Injury. I n addition, by com- 
bining this feature of the space bitmap and the overwrite 
function, it Is possible to carry out a write process, which 
appears to the host as a process having no writs en-or. 
[0414] On top of that, an updated TDML serving as 
alternate address management Information and an up- 
dated space bitmap are additionally reconjad In the TD- 
MA and, at the same time, information indicating the ef- 
fective TDFL and/or the effective space bitmap is also 
recorded as well. Thus, the effective TDFL and/or the 
effective space bitmap can be identified at each point of 
time. That is to say, the dlsl< drive Is capable of correctly 
grasping the updating state of the alternate-address 
management Information. 

[0415] In addition, the fact that the space bitmap is 
recorded In the TDIM A means that the data zone serving 
as a main area for recording the space bit map is not 
used. For example, the ISA or the lli<e Is not used. Thus, 
It is possible to carry out an aitemate-address process 
effectively utilizing a data zone and any one of an ISA 
and an OSA, which each serve as an aitemate-address 
area. For example, either an ISA or an OSA Is selected 
as an alternate-address area to be used In an alternate- 
address process typically on the basis of preference of 
an area closer to the altemate source address. By se- 
lecting either an ISA or an OSA In this way, an operation 
to make an access to data completing the altamate-ad- 
dress process can be made efficient. 
[0416] On top of that, in an operation to write data onto 
the disk 1 , data may not be written Into a specified area 
due to a defect detected In the area and. If data is re- 
ceived continuously thereafter, by carrying out an alter- 
nate-address process, the write operatton can be con- 
tinued without retuming an error report. For clarity, refer 
to the flowcharts shown in FIGS. 17 and 18. 
[0417] In addition, It an operation to write data into a 
specified area cannot be carried out due to a defect de- 
tected in the area, In many cases, areas surrounding the 
defective area are most likely also areas into which data 
cannot be recorded. In this case, a write process can be 
carried out as a process assuming that predetermined 
areas following the defective area are also defecth/e ar- 
eas to which no access Is actually made. If data for these 
areas has already been received by the disk drive, an 
aitemate-address process can be carried out on the ar- 
eas. In this case, even if three or more continuous clus- 
ters are subjected to an aitemate-address process, al- 
ternate-address Information atl can be cataloged on the 
TDFL only as two entries so that the size of the used 
write area can be reduced. 

[0418] On top of that, by carrying out a process on the 
space bitmap to treat a processed area as an area, in 
whbh data has been written In this way, an Illegal access 
can be avoided. 
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[0419] If no data for areas following an area, in which 
data cannot be written, has been received by the disk 
drive, on the other hand, predetermined ones of the fol- 
lowing areas are cataloged on the TDFL as defective 

s clusters each having an allocated alternate destination 
and treated on the space bitmap as areas, in which data 
has already been written. If an instruction to write data 
Into such an area Is received from the host thereafter, 
the disk drive refers to the space bitmap to find out that 

10 the area Is an area, In which data has already been writ- 
ten. In this case, the ovenwhte function can be executed 
to record the data without generating an enror. 
[0420] in addition, since the DMA has the same data 
structure as the writable disk, data can be reproduced 
by a reproduction system from the disk provided by the 
embodiment even it the reproduction system designed 
for a writable disk is used. 

7: Second TDMA (Method 

ao 

7-1:TDVIAs 

[0421] Next, a second TDMA method is explained. It 
Is to be noted that, basteaiiy, the second TDMA method 
25 has a number of similarities to the first one described so 
far. Thus, only differences between the two methods are 
mainly explained. 

[0422] The structure of the disks are the same as 
those shown In FIGS. 1 to 3. In addition, the datastruc- 
30 tures of the DMA are also the same as those shown- In 
FIGS. 4 to 8. 

[0423] However, the second TDMA method Is differ- 
ent from the first one In that, in the case of the second 
TDMA method, a space bitmap Is not recorded In the 

3s TDMA. Instead, a space bitmap Is recorded In the ISA. 
[0424] The data structure of the TDMA Is shown in 
FIG. 26. The size of the TDMA is 2,048 clusters. One to 
four dusters Mentifled by cluster numbers 1 to 4 are 
used as clusters for recording a TDFL (temporary defect 

40 list). 

[0425] A cluster Identified by cluster n umber n is used 

as a duster for recording a TDDS (temporary disk defi- 
nition structure), which is detailed information on the op- 
tical recording medium. 

49 [0426] In the TDMA, the TDFL and the TDDS are re- 
corded as a set. If an updated set is additionally record- 
ed In the TDMA, the set Is written at the beginning of a 
free area in the TDMA. That Is to say, the updated set 
is recorded in an area immediately folk>wing a recorded 

so TDDS. 

[0427] Not shown In a figure, the data structure of the 
TDFL having a size In the range one to four bytes is all 
but the same as that shown In FIG. 11 . in the case of 
the second TDMA method, however, unlike the first 
ss method, a TDDS is not recorded in the last sector of the 
TDFL. That is to say, the area following the alternate- 
address infonnatlon atl tanninator as shown In FIG? 11 
is all filled up with codes of OOh. Thus, the TDDS Is re- 
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corded In a cluster different from the clusters used for 
recording theTDFL as shown In FIG. 26. 
[0426] The data structure of the defect-list manage- 
ment intonnation Included In the TDFL is exactly the 
same as that shown In FIG. 7. In addition, the data struc- 
ture of the alternate-address Information atl Is entirely 
Identical with that shown in FIG. 8. A pair of pieces of 
alternate-address Information atl with values of status 1 
set at 01 01 and 1 01 0 Is Interpreted as a pair of entries 
representing a plurality of continuous clusters serving 
as an alternate source and a plurality of continuous clus- 
ters serving as an alternate destination. 
[0429] FIG. 27 is a diagram showing the data struc- 
ture of the TDDS, which Is recorded In a cluster other 
than clusters for recording the TDFL. In this case, the 
size of the TDDS is one cluster, which Is the same as 
the DOS shown In FIG. 5. The contents of the TDDS are 
all but the same as those explained before by refening 
to FIG. 5. As is obvious from comparison of the data 
structures shown In FIGS. 5 and 27, however, bytes 
starting with a byte at byte position 4 are bytes used for 
recording the sequence number of the TDDS, bytes 
starting with a byte at byte position 16 are bytes used 
for recording the physical address of the first sector in 
a drive area inside the TDIVIA and bytes starting with a 
byte at byte position 24 are bytes used for recording the 
physical address AD_DFL of the first sector In the TDFL 
inside the TDMA. 

[0430] it is to be noted that, in the case of a two-layer 
disk, a TDMA is provided for each of layers 0 and 1. 
Much Ilka the first TDMA method described above, it is 
possible to adopt a TDMA-utiilzIng technique whereby, 
first, the TDiMA provided for layer 0 Is used as a TDMA 
for updating the TDFL and the TDDS and, as the TDMA 
provided for layer 0 Is used up entirely, the TDMA pro- 
vided for layer 1 1s used. 

7-2: ISAs and OSAs 

[0431] FIG. 28 Is a diagram showing an ISA and an 
OSA. In the case of this embodiment, only the OSA is 
used as an alternate area. The ISA is used as an area 
for recording space bitmaps. 

[0432] The sizes of the ISA and the OSA are defined 
In the DDS and the TDDS. The size of the ISA Is deter- 
mined at an Initialization time and remains constant 
thereafter However, the size of the OSA can be 
changed even after data Is recorded in the OSA. 
[0433] When recording data into the OSA in an alter- 
nate-address process, the data is written in an area 
starting with the last cluster of the OSA In a direction 
toward the cluster at the beginning of the OSA without 
skipping any clusters located between the last and the 
beginning clusters. 

[0434] The ISA is used one cluster after another start- 
ing with the cluster at the beginning of the ISA as an 
area for recording space bitmaps SBM#1 to SBM#5 as 
shown In the figure. To put it In detail, much Ilka the first 



TDMA method described earlier, the size of a space bit- 
map Is one cluster and the first space bitmap Is recorded 
In the first cluster When the space bitmap Is updated 
thereafter, the updated space bitmap is recorded as a 
5 new bitmap at the beginning of the free area of the ISA, 
that Is, in the area Immediately succeeding the last re- 
corded space bitmap, without creating a free space be- 
tween the last recorded space bitmap and the new 
space bitmap. 

10 [0435] Thus, the last space bitmap among bitmaps re- 
corded In the ISA becomes the effective Information. In 
the case of the ISA shown in FIG. 28, space bitmap 
SBM#5 is the effective Infonnatlon. 
[0436] The data structure of the space bitmap Is all 

19 but the same as that shown In FIG. 10 except that, In 
the case of the space bitmap tor the second TDiMA 
method, unlike the data structure shown In FIG. 1 0, the 
last sector is not used as a sector for recording a TDDS. 
[0437] It is to be noted that, in the case of a two-layer 

so disk, a space bitmap provided for layer 0 Is recorded In 
the ISA for layer 0 while a space bitmap provided for 
layer 1 Is recorded in the ISA for layer 1 . 
[0438] IHowever, the ISA for layer 0 and the ISA for 
layer 1 can be regarded as a single area with a large 

zs size without regEud to whether the space bitmap is a bit- 
map provided for layer 0 or 1 . In this case, the ISA of 
layer 0 Is first used as an area for storing space bitmaps 
provided for both layers and, as the ISA of layer 0 is 
used up entirely, the ISA of layer 1 Is used. 

30 [0439] By the way, when a disk 1 provided by this em- 
bodiment as a disk with an ISA thereof used for record- 
ing space bitmaps Is mounted on another disk drive, It 
Is necessary to prevent the ISA from being used inad- 
vertently as an alternate area. In order to prevent such 

ss an ISA from being used inadvertently as an altemate 
area, spare area full flags of the TDDS shown in FIG. 
27 are used. 

[044O] in the case of a one-layer disk, the spare area 
full flags having a size of 1 byte has a format shown in 

40 FIG. 29A. In the case of a two-layer disk, on the other 
hand, the spare area full flags having a size of 1 byte 
has a fomiat shown In FIG. 29B. 
[0441] First of all, in the case of a one-layer disk 
shown in FIG. 29A, bits b7 to b2 are reserved. A bit b1 

4' Is an outer spare area full flag. A value of 1 is set in this 
outer spare area full flag to Indicate that the whole OSA 
has been filled up with data recorded therein. A bit bO is 
an Inner spare area full flag. A value of 1 is set In this 
inner spare area full flag to indicate that the whole ISA 

50 lias been filled up with data recorded therein. 

[0442] In the case of a two-layer disk shown In FIG. 
29B, on the other hand, in addition to bits b1 and bO of 
a one-layer disk, bits b2 and b3 are respectively an OSA 
full flag and ISA full flag of the second layer. In this case, 

55 bits bO and b1 are respectively an OSA full flag and ISA 
full flag of the first layer. 

[0443] Thus, If a space bitmap Is recorded in an ISA 
as Is the case with this embodiment, the Inner spare ar- 
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ea full flag provided for the ISA Is set at 1 . By doing so. 
since the disk 1 appears to another disk drive as a disk 
with no free area left In the ISA, the other disk drive can 
be prevented from using the ISA for an alternate-ad- 
dress process. 

B: Operations for the Second TDMA Method 
8-1: Data Writing 

[0444] In the case of the second TDMA method, the 
system controller 80 carries out data-writing processing 
represented by a flowchart shown in FIG. 30. 
[0445] Also In the case of the second TDMA method, 
it Is assunned that, at a point of time the data-writing 
processing described below Is about to be camed out, 
the disk 1 has been mounted on the disk drive and a 
TDFL, a TDDS and a space bitmap have been trans- 
ferred from the TDMA recorded on the mounted disk 1 
to the cache memory 60a. tn addition, explanation of a 
process to convert a logical address Into a physical ad- 
dress from time to time Is also omitted from the following 
description. 

[0446] Let the system controller 60 receive a request 
to write data at a certain address from a host apparatus 
such as the AV system 120. in this case, the system 
controller 60 starts the processing represented by the 
flowchart shown in FIG. 30. The flowchart begins with a 
step F501 at which the system eomroiier 60 refers to the 
space bitmap stored In the cache memory 60a (or the 
recent bitmap updated in the cache memory 60a} to de- 
temnlne whether or not data has been recorded at the 
address specified in the write request 
[0447] If no data has been recorded at the specified 
address, the flow of the processing goes on from the 
step F502 to a step F503, at which a nomnai write proc- 
ess is carried out to execute a command to write data 
at the address. 

[0448] That Is to say, at the F503, the system control- 
ler 60 executes conf ol to write data at the specified ad- 
dress. In other words, the optical pickup 61 Is driven to 
make an access to the specified address and record the 
data to be written as requested attha specified address. 
[0449] As the data-writing process Is normally ended, 
the flow of the processing goes on to a step F504 at 
which a space bitmap stored In the cache memory 60a 
Is updated. That Is to say, a bit allocated In the space 
bitmap to a cluster In which the data has been written is 
set at a value Indicating that data has been written in the 
cluster. Then, the execution of the processing earned 
out in response to the write request Is ended. 
[0450] If an error is generated In the course of the 
write processing due to, among other causes, an Injury 
on the disk 1 , an alternate-address process may be car- 
ried out in some cases. In this case, an alternate-ad- 
dress process like the one explained earlier by refemng 
to the flowchart shown In FIG. 18 is carried out. It is to 
be noted that a step to carry out this alternate-address 



process is not Included In the description of the flowchart 
shown In FIG. 30. 

[0451] If the detenni nation result obtained at the step 
F502 reveals a space bitmap indicating that data has 
s been recorded at the address specified In the write re- 
quest received from the host apparatus, on the other 
hand, the flow of the processing goes on to a step F505. 
At this step, the system controller 60 determines wheth- 
er or not the function to renew data Is effective. It is to 
be noted that a function to enable the function to renew 
data will be explained later by referring to a flowchart 
shown in FIG. 31 

[0452] If the function to renew data Is not effective, the 
flow of the processing goes on to a step F506 at which 

IS an error report is returned to the host apparatus before 
the execution of the processing Is ended. 
[0453] If the function to renew data is effective, on the 
other hand, the flow of the processing goes on to a step 
F507 to determine first of all whether or not an altemate- 

^ address process for renewing data can be actually car- 
ried out 

[0454] in order to carry out the alternate-address 
process, the spare area OSA must have a free area for 
at least recording the data requested in the write oper- 

29 atlon. in addition, the TDMA must have a margin allow- 
ing an entry of the alternate-address Infonnatlon atl for 
managing this alternate-address process to be added, 
that Is, allowing the TDFL to be updated. 
[0455] If the OSA has a free area and the TDMA has 

so a margin allowing an entry of the alternate-address In- 
formation ati for managing this alternate-address proc- 
ess to be added, the flow of the processing carried out 
by the system controller 60 goes on from the step F507 
to a step F508 at which the optical pickup 51 Is driven 

ss to make €m access to the OSA and record the data to 
be written as requested this time in the OSA. 
[0456] Then, at the next step FSOS, the space bitmap 
stored In the cache memory 60a Is updated. That is to 
say, a bit allocated In the space bitmap to an OS A cluster 

■fo including an address at which the data has been written 
in an alternate-address process camed out to renew da- 
ta Is set at a value indicating that data has been written 
in the cluster. 

[0457] Subsequently, atttie next step F51 0. the TDFL 
4S stored In the cache memory 60a Is updated. That is to 
say, alternate-address information atl representing the 
alternate-address process carried out this time Is newly 
added as an entry to the TDFL. As an alternative, If ai- 
temata-address infonnatun ati Including the same al- 
so ternate source address as the address specified in the 
write request already exists as an entry in theTDFL, this 
entry Is renewed. In addition, an entry count included in 
the defect-list management Information as a count rep- 
resenting the number of cataloged DFL entries is Incre- 
ss mented in case alternate-address information ati is new- 
ly added to the TDFL, and the number of unused OSA 
clusters Is decremented. Then, the execution of the 
processing carried out in response to the write request 
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Is ended. 

[0458] By carrying out the processing to use the OSA 
as described above, the system controller 60 is capable 
of coping with a request to write data Into an address, 
at which data has already been recorded before, that Is, 
coping with a request to renew data. 
[0459] If the determination result obtained at the step 
F507 Indicates that the OSA does not have a free area 
for at least recording the data requested In the write op- 
eration or the TDMA does not have a margin allowing 
an entry of the alternate-address Information at! for man- 
aging this alternate-address process to be added, on the 
other hand, an alternate-address process cannot be 
carried out. in this case, the flow of the processing goes 
on to a step F51 1 at which an en'or report Indicating that 
there Is no area for writing the data Is returned to the 
host apparatus before the execution of the processing 
is ended. 

[0460] it is to be noted that alternate-address Informa- 
tion atl can be newly generated at the step F510 to re- 
flect the executed alternate-address process by carry- 
ing out the processing represented by the flowchart 
shown In FIG. 20. 

[0461] It Is also wortli noting that, If the ISA used as 
an area for recording a space bitmap does not Include 
afree area, a recording operation for updating the space 
bitmap cannot be carried out. in this case, the following 
typical countsrmeasures can be taken to allow a proc- 
ess of recording user data to be carried out: 

• When a disic with the ISA thereof including recorded 
space bitmaps but having no left free area Is mount- 
ed on the disk drive, the disk drive checks an RF 
signal serving as a reproduced-data signal for a free 
area available on the disk on the basis of the most 
recent space bitmap and reconstructs th e space bit- 
maps. 

• For a disk with the ISA thereof Including recorded 
space bitmaps but having no left free area, the disk 
drive allows only limited write operations (or se- 
quential write operations) to be carried out to record 
data In an area following the last address of record- 
ed user data. 

[0462] By the way. In the case of the present embod- 
iment, the ISA is used as a spare area for recording 
space bitmaps. Thus, It is necessary to make the data 
renewal function effective or Ineffective In dependence 
on whether or not the disk 1 mounted on the disk drive 
is a disk allowing the ISA to be used as a spare area for 
recording space bitmaps. 

[0463] At the step FS05, the system controller 60 de- 
termines whether or not the function to renew data has 
been put in effective status, which is set by the process- 
ing represented by the flowchart shown in FIG. 31 . 
[0464] The processing to set the data renewal func- 
tton as represented by the flowchart shown In FIG. 31 
is carried out typically when the disk 1 Is mounted on 



the disk drive. 

[0465] When the disk 1 Is mounted on the disk drive, 
the system controller 60 checks the TDDS of the disk 1 
to examine bit bO of the spare area full flags provided at 
s byte position 52 at a step F601 . 

[0466] As described earlier by referring to FIGS. 29A 
and 29B, In the disk 1 provided by the present embodi- 
ment as a disk Including the ISA used as an area for 
recording space bitmaps, bit bO is set at 1 . Even In the 
10 case of a disk Including the ISA used as an alternate 
area, bit bO Is set at 1 as the entire ISA Is used up. That 
is to say, at least. If the disk Is a disk provided by the 
present embodiment, bit bO is set at 1 and, if the disk is 
not a disk provided by the present embodiment, bit bO 
19 Is set at 0 or 1 . Thus, at least. If bit bO is set at 0, the 
disk Is not a disk provided by the present embodiment. 
[0467] Thus, If bit bO Is set at 0, the flow of the 
processing goes on to a step F604 at which the function 
to renew data Is turned off. 

[0468] Inthlscass, thedlskdrlve is notcapable of car- 
rying out an alternate-address process and a process 
to record a space bitmap on this disk. That Is to say, the 
steps F507 to F511 of the flowchart shown In FIG. 30 
are not executed. In addition, the step F504 of the flow- 
chart shown In FIG. 30 to update a space bitmap for the 
case of an ordinary write operation Is also not executed. 
However, details of operations for a disk not provided 
lay the present embodiment are not explicitly Included in 
the flowchart shown In FIG. 30. 
[0469] Thus, the data renewal operation of the 
present embodiment is not carried out even though the 
state of the ISA and the reproduction compatibility are 
maintained. 

[0470] if the examination result obtained at the step 
F601 Indicates that bit bO Is 1 , on the other hand, the 
flow of the processing goes on to a step F602 at which 
the last cluster of the ISA is examined. This is because 
It Is quite within Vhe bounds of possibility that the disk 
mounted on the disk drive Is the disk provided t)y the 
present embodiment. 

[0471 ] If the last cluster of the ISA Is a cluster for re- 
cording a space bitmap, the flow of the processing goes 
on from the step F603 to a step F605 to read out the 
space bitmap and store the bitmap in the cache memory 
60a. Then, at the next step F608, the function for renew- 
ing data Is mads effective. 

[0472] if the examination result obtained at the step 
F603 reveals that the last cluster of the ISA is deter- 
mined to be not a cluster for recording a space bitmap, 
on the other hand, the flow of the processing goes on to 
the step F604 at which the function to renew data Is 
made ineffective. 

[0473] By carrying out the processing to set the status 
of the data renewal function described above, the func- 
tion to renew data is made effective for a disk provided 
by the present invention as a disk including an ISA as 
an area for recording a space bitmap, in the case of a 
disk using the ISA as an altemate area, on the other 
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hand, the ISA Is not used as an area for recording a 
space bitmap and the data renewal function provided by 
the present embodiment Is not made effective either. An 
example of the disk using the ISA as an alternate area 
is a disk containing data recorded by another disk drive. 
8-2: Data Fetching 

(0474] By referring to a flowchart shown In FIG. 32. 
the following description explains processing carried out 
by the system controller 60 employed In the disk drive 
to reproduce data from the disk 1 at a reproduction time. 
[0475J Assume that the system controller 60 receives 
a request specifying an address In the disk 1 to read out 
data recorded at the address from a host apparatus 
such as the AV system 1 20. 

[0476] In this case, the system controller 60 carries 
out the processing starting at a flowchart step F701 at 
whksh the space bitmap Is rsfened to In order to deter- 
mine whether or not data has been recorded in the ad- 
dress specified in the request 
[0477] If no data has been recorded In the address 
specified In the request, the flow of the processing goes 
on to a step F702 at which an em)r report Indtoatlng that 
the specified address Is an Incon^ct address Is returned 
to the host apparatus, and the execution of the process- 
ing is ended. 

[0478] If data has been recorded In the address spec- 
ified In the request, on the other hand, the flow of the 
processing goes on to a step F703 at which the TDFL 
Is searched for alternate-address infonnation atl includ- 
ing an alternate source address matching the address 
specified in the request. 

[0479] If no alternate-address infonnation ati includ- 
ing an aKemate source address matching the address 
specified In the request was found In the search, the flow 
of the processing goes on from the step F703 to a step 
F704 at which the data Is reproduced from the specified 
address before the execution of the processing is end- 
ed. This completed processing Is a nomial reproduction 
process to reproduce data from the user-data area. 
[0480] If the search result obtained at the step F703 
Indicates that there Is alternate-address Infonnation atl 
including an alternate source address matching the ad- 
dress specified in the request, on the other hand, the 
flow of the processing goes on from the step F703 to a 
step F705 at which an alternate source address is ex- 
tracted from the altemate-address Information atl. That 
Is to say, an address In the OSA Is acquired. 
[0461 ] Then, at the next step F706, the system con- 
troller 60 executes control to read out the data from the 
acquired address in the OSA or the alternate source ad- 
dress extracted from the atternate-address Information 
atl, and transfer the reproduced data to the host appa- 
ratus such as the AV system 120 before ending the ex- 
ecution of the processing. 

[0482] By canying out the processing described 
above, most recent data can be correctly reproduced 
and transferred to the host apparatus In res|3onse to 
even a data reproduction request made by the host after 



renewal of the data. 

8-3: Updating of the TOFUSpace Bitmap and 
Conversion Into Compatible Disks 

s 

[04B3] Much IlketheflrstTDMAmethoddescribedbe- 
fore. an updated TDFL and space bitmap are trans- 
ferred from the cache memory 60a to the disk 1 at a 
predetermined point of time such as the time the disk 1 

10 Is ejected from the disk drive. 

[0484] In the case of the second TDIVAA method, al- 
ternate-address management infonnation (Inciudlngthe 
TDFL and the TDDS) as well as a space bitmap are 
transfen-sd from the cache memory 60a to the disk 1 in 

T3 processing represented by aflowchartshown In FIG. 33. 
[0485] The flowchart b^ins with a step F801 atwhtoh 
the system controller 60 detennlnes whether or not the 
TDFL Stored in the cache memory 60a has been updat- 
ed. If the TDFL stored in the cache memory 60a has 

^ been updated, the flow of the processing goes on to a 
step F802 at which the TDFL Is recorded at the begin- 
ning of a free area In the TDMA recorded on the disk 1 . 
[0486] Then, at the next step F803, the TDDS Is re- 
corded at the beginning of a free area In the TDMA re- 
's corded on the disk 1 . 

[0487] It Is to be noted that, when the TDFL and the 
TDDS are recorded In the TDMA, the space bitmap 
stored In the cache memory 60a may need to be updat- 
ed to reflect the recording. 

30 [0488] At a step F804. the space bitmap stored In the 
cache memory 60a is examined to determine whether 
or not the bitmap has been updated. 
[0489] If the space bitmap stored in the cache mem- 
ory 60a has been updated, the flow of the processing 

35 goes on to a step F805 at which the space bitmap Is 
transf en^d from the cache memory 60a to the beginning 
of a free area in the ISA recorded on the disk 1 . 
[0490] As described above, the TDFL and the TODS 
are recorded In the TDMA whereas the space bitmap is 

'to recorded in the ISA so that atternate-address informa- 
tion and information Indicating whether or not data has 
been recorded In each cluster are reflected in the disk 1 . 
[0491] in addition, the TDFL and the TDDS are updat- 
ed in the TDMA but, in order to maintain reproduction 

^9 compatibility with writable disks, infonnation recorded In 
the TDMA Is transferred to the DMA at a finalize time. 
At that time, the most recent TDFL and the most recent 
TDDS are recorded In the DMA. IHowever, It is neces- 
sary to convert all pieces of alternate-address Informa- 

so tion ati with status 1 other than 0000 into pieces of al- 
ternate-address information atl with status 1 of 0000 by 
carrying out the processes of the steps F40S to F407 of 
the flowchart shown In FIG. 25. 

ss 9: Effects for the Second TDMA Method 

[0492] Even by adopting the second TDMA method 
described above, basically, the same effects as the first 
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TDMA method can be obtained. 
[0493] In the case of the present embodiment, space 
bitmaps are stored In the ISA. Since the disk layout Is 
not changed, however, the present embodiment Is good 
from the standpoint of compatibility with existing disks. 
[0494] in addition, for the ISA used as an area for re- 
cording space bitmaps, the spare area full flag Is set at 
1 so as to prevent another disk drive from using the ISA 
as an alternate area. 

[0495] Since no space bitmaps are recorded In the 
TDMA, the TDMA can be used effectively as an area for 
updating the TDFL and the TDDS. That Is to say, the 
alternate-address management information can be up- 
dated more times to keep up with a larger number of 
data renewals. 

[0496] Disks provided by preferred embodiments and 
disk drives designed for the disks have been described 
so far. However, the scope of the present Invention Is 
not limited to the preferred embodiments. That Is to say, 
a variety of modifications within the range of essentials 
of the present Invention are conceivable. 
[0497] For example, as a recording medium of the 
present invention, a recording medium other than the 
optlcal-dlsk medium can be used. Examples of the re- 
cording medium other than the opticai-disk medium are 
a magneto-optical disk, a magnetic disk and media 
based on a semiconductor memory. 
[0498] As is obvious from the above descriptions, the 
present Inventton has the following effects. 
[0499] In accordance with the present Invention, a 
write-once recording medium can be used virtually as a 
recording medium allowing data already recorded ther- 
eon to t>e renewed. Thus, a file system such as a FAT 
file system for a writable recording medium can be used 
for a write-once recording medium. As a result, the 
present inventton provides an effect that the usefulness 
of a write-once recording medium can be enhanced con- 
siderably. For example, the FAT file system, which is a 
standard file system for infomnatlon-processlng appara- 
tus such as a personal computer, allows a variety of op- 
erating systems (OS) to reproduce data from a writable 
recording medium and record data onto only a writable 
recording medium. By virtue of the present invention, 
however, the FAT file system can also be applied to a 
write-once recording medium as It Is and allows data to 
be exchanged without being conscious of differences 
between operating systems. These features are also 
good from compatibility-maintenance point of view. 
[0500] in additkin, in accordance with the present In- 
vention, awrite-once recording medium can be used as 
a writable recording medium as long as an alternate ar- 
ea and an area for updating attemate-address manage- 
ment Information remain In tfie write-once recording me- 
dium. Thus, the write-once recording medium can be 
used effectively. As a result, the present invention pro- 
vides an effect that resource wasting can be reduced. 
[0501 ] On top of that, a space bitmap can be referred 
to as Information indicating whether or not data has 



been recorded In any cluster, which Is used as a data 
unit on each recording layer of the recording medium, 
in general, a host computer or the like makes a request 
to record data at an address specified in the request as 
5 an address in a recortlng medium mounted on a record- 
ing apparatus or a request to reproduce data from an 
address specified in the request as an address in a re- 
cording medium mounted on a reproduction apparatus, 
and such requests are a heavy processing load that 
10 must be borne by the recording and reproduction appa- 
ratus. By referring to such a space bitmap, however. It 
Is possible to detennine whether or not data has already 
been recorded at an address specified for example in a 
write request. If data has already been recorded at the 
15 specified address, an error report can be returned to the 
host computer without actually making an access to the 
recording medium. As an alternative, the data can be 
renewed by canying out an alternate-address process, 
in particular, It is also possible to determine whether or 
not the functton to renew data is effective (enabled) with- 
out actually making an access to the recording medium. 
[0502] In addition, by referring to such a space bit- 
map, it is possible to determine whether or not data has 
already been recorded at an address specified for ex- 
ample in a read request. If no data has already been 
recorded at the specified address, an error report can 
be returned to the host computer without actually mak- 
ing an access to the recording medium. 
[0503] That is to say, It Is possible to reduce a 
processing load borne by the recording and reproduc- 
tion apparatus in respactivaly recording and reproduc- 
ing data onto and from the recording medium by making 
random accesses to the recording medium. 
[0504] In addition, by using the infonnatlon indicating 
whether or not data has been recorded in any cluster, 
recording states of alternate areas can be managed. 
Thus, it Is possible to acquire an alternate destination 
address, which Is to be used In an alternate-address 
process carried out due to the existence of a defect or 
carried out to renew data, without actually making an 
access to the recording medium. 
[0505] On top of that, management/control areas 
such as the lead-in and lead-out areas can also be man- 
aged by using the information indicating whether or not 
data has been recorded in any cluster. Thus, the Infor- 
mation Indicating whether or not data has been recorded 
In any cluster is suitable fortyplcally a process to grasp 
the used range of the OPC for adjusting a laser power 
or the like. That is to say, when the OPC is searched for 
a trial-writs area for adjusting a laser power, it is not nec- 
essary to actually make an access to the rscording me- 
dium and It Is £Uso possible to avoid incorrect detection 
as to whether or not data has t>een recorded In a cluster. 
[0506] In addition. If the infonnation Indteating wheth- 
er or not data has been recorded in any cluster reveals 
that an area used as a target of a write operation is de- 
fective due to an injury and data has been recorded in 
areas surrounding the target area, it is possible to elim- 
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Inate a process for recording data at an address In the 
defective target area as a process that would otherwise 
take long time to carry out. On top of that, by combining 
this function with a function to renew data, It. Is possible 
to cany out a write process, which appears to the host 
as a process Involving no write error. 
[0507] In addition , as alternate-address management 
infonnation recorded In a second alternate-address 
management infonnation area, there are two informa- 
tion fonnats, I.e., first and second infonnation fonnats. 
In the first Information fomriat, the alternate-address 
management infonnation Includes an alternate source 
address for each data unit and an alternate destination 
address also for each data unit, in the second Informa- 
tion format, the alternate-address management Infor- 
mation includes Infonnation which shows an alternate 
source address and an alternate destination address for 
a collection of a plurality of physically continuous data 
units. Since each of the sequences of continuous data 
units is treated collectively as such a pair, the number 
of entries (alternate-address management Information 
atl) cataloged In the second alternate-address manage- 
ment infonnation area can be reduced so that the sec- 
ond alternate-address management information area 
can be reduced, or more such entries can be cataloged 
In the second alternate-address management Informa- 
tion area, in addition, a bit is included In a space bitmap 
as a bit con-espondlng to any data unit included in the 
data-unit sequence as a data unit Involved in an alter- 
nate-address process managed by using altemate-ad- 
dress management information cataloged in the second 
infonnation fomiat. As described earlier, the space bit- 
map is used as Infomnation Indlcatingwhetheror not da- 
ta has been recorded in each data unit represented by 
a bit in the bitmap. Since the bit Included In a space bit- 
map as a bit corresponding to any data unit included In 
the data-unit sequence is also set at a value Indicating 
that derta has been recorded in the data unit, proper 
processing can be carried out on the basis of the infor- 
mation indlcatingwhetheror not data has been recorded 
In each data unit. Thus, It is possible to avoid an access 
made as an incorrect or ennoneous operation. 
[0508] In addition, a first alternate-address manage- 
ment Information area is used as an area for recording 
the same alternate-address management Information 
recorded In the second alternate-address memagement 
Infonnation area after the second infonnation fomiat of 
ail the alternate-address management infonnation has 
been converted into the first information formal. By con- 
verting the second information format into the first infor- 
mation format, a recording/reproduction apparatus for 
making an access to a recording medium by using the 
altemate-address management Infonnation recorded 
only in the first alternate-address management Informa- 
tion area is capable of properly recording data and re- 
producing data onto and from a recording medium pro- . 
vided by the present Invention as a recording medium 
including the first alternate-address management infor- 



mation area. Thus, the present Invention has an effect 
to maintain compatibility with such a recording/repro- 
duction apparatus. 



Claims 

1 . A recording medium provided with a write-once re- 
cording area aitowing data to be written therein only 

^0 once and comprising: 

an ordinary recording/reproduction area whteh 
data is recorded into and reproduced from; 
an altemate area used for storing data in an ai- 
ternate-address process for a defect existing in 
said ordinary recording/reproduction area and 
a data renewal; 

a first altemate-address management informa- 
tion area for recording alternate-address man- 
^ agement Infomnation for managing saM alter- 

nate-address process using said altemata ar- 
ea; and 

a second altemate-address management infor- 
mation area for recording said alternate-ad- 
25 dress management information as data that 

can be updated, 

wherein said alternate-address management 
Infonnation recorded In said second alternate-ad- 
30 dress management Information area includes Infor- 
mation of a first infonnation format, which shows an 
altemate source address and an alternate destina- 
tion address for every data unit, and Infonnation of 
a second information fonnat, which shows an alter- 
SB nata source address and an alternate destination 
address for a collection of a plurality of physically 
continuous data units. 

2. The recording medium according to claim 1 where- 

-WJ in, 

said first altemate-address management Infor- 
mation area is used for storing most recent al- 
ternate-address management infonnation, 
45 which has been recorded in said second alter- 

nate-address management Infonnation area, 
aii In said first infomnation format. 

3. The recording medium according to claim 1 whera- 

so In, 

said second information format Is an informa- 
tion format showing an alternate source ad- 
dress of the first data unit In a plurality of phys- 
ically continuous data units and an altemate 
destination address of the first data unit in a plu- 
rality of other physically continuous data units 
as well as an altemate source address and al- 



25 



30 



so 



33 



65 



EP 1 SOS S97 A1 



66 



temate destination address of tho last ones In 
said data units. 

4. The recording medium according to claim 1 where- 
in: s 

for each data unit of said write-once recording 
area, written/unwritten state Indication Informa- 
tion Indicating whether or not data has been 
written into said data unit Is recorded In a pre- io 
determined area; and 

for a plurality of data units In an alternate source 
shown in said second infomiation fomriat and 
for a plurality of data units in an alternate des- 
tination shown In said same information format, is 
said exIstence/non-exIstence Indication Infor- 
mation Indicates that data has been written Into 
each of said data units. 

5. A recording apparatus provided for a recording me- ^ 
dium provided with a write-once recording area al- 
lowing data to be written therein only once and com- 
prising: 

en ordinary recording/reproduction area which 
data is recorded Into end reproduced from; 
an alternate area used for storing data In an al- 
ternate-address process for a defect existing In 
said ordinary reeordlng/psproductlon area and 
a data renewal; 30 
a first aiternate-address management informa- 
tion area tor recording alternate-address man- 
agement Infomnatlon for managing said alter- 
nate-address process using said alternate ar- 
ea; and 35 
a second alternate- address management infor- 
mation area for recording said altemate-ad- 
dress management Infomiation as data that 
can be updated, 

said recording apparatus comprising: 40 

write means for writing data Into said re- 
cording medium; and 
control means for controlling said write 
means to write aiternate-address manage- 49 
ment Information of: 

a first infomiation tomiat showing an 
alternate source address and alter- 
nate destination address for a data unit so 
not physically continuous to other data 
units in an operation to update alter- 
nate-address management informa- 
tion stored In said second aiternate- 
address management infomiation ar- ss 
ea In accordance with said aiternate- 
address process for said data unit; and 
a second infomiation tomiat showing 



an alternate source address and alter- 
nate destination address for a collec- 
tion of a plurality of physically continu- 
ous data units in an operation to up- 
date alternate-address management 
Information stored In said second al- 
ternate-address management infor- 
mation area in accordance with said 
alternate-address process for said da- 
ta units. 

6. The recording apparatus according to claim 5 
wherein, 

when said contnsi means controls said write 
means to record alternate-address manage- 
ment Information In said first alternate-address 
management Infomiation area, said write 
means stores most recent alternate-address 
management infomiation, which has been re- 
corded In said second alternate-address man- 
agement Infomiation area, all In said first Infor- 
mation fonnat. 

7. The recording apparatus according to claim 5 
wherein. 

said second information format is an informa- 
tion format showing an alternate source ad- 
dress of the first data unit In a plurality of phys- 
ically continuous data units and an alternate 
destination address of the first data unit In a plu- 
rality of other physically continuous data units 
as well as an altemate source address and al- 
ternate destination address of the last ones in 
said data units. 

8. The recording apparatus according to claim 5 
wherein: 

for each data unit of said write-once recording 
area, said control means controls said write 
means to record written/unwritten state indica- 
tion infomiation in a predetermined area as in- 
formation Indicating whether or not data has 
been written Into said data unit; and 
foraplurality of data units In an altemate source 
shown in said second infomnatlon format and 
for a plurality of data units in an alternate des- 
tination shown in said same information format, 
said control means controls said write means 
to record said existence/non-existence indica- 
tion Infomiation Indicating that data has been 
written Into each of said data units. 

9. A reproduction apparatus provided for a recording 
medium provided with a write-once recording area 
allowing data to be written therein only once and 
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comprising: 

an ordinary recording/reproduction area which 
data Is recorded Into end reproduced from; 
an alternate area used for storing data In an al- s 
temate-address process for a defect existing in 
said ordinary recording/reproduction area and 
a data renewal; 

a first alternate-address management Informa- 
tion area for recording alternate-address man- io 
agement information for managing said aiter- 
nate-address process using said altemate ar- 
ea; and 

a second alternate-address management infor- 
mation area for recording said aitemate-ad- ^9 
dress management Infomiatlon as data that 
can be updated, 

wherein said aitemate-address management 
Information recorded In said second altemate-ad- so 
dress management Information area includes Infor- 
mation of a first infonmatlon fonnat, which shows an 
alternate source address and an altemate destina- 
tion address for every data unit, and Information of 
a second infonnation fomriat, which shows an alter- 
nate source address and an alternate destination 
address for a collection of a plurality of physically 
continuous data unite, 

said reproduction apparaUis comprising: so 

read means for reading out data from seUd 
recording medium; 

confirmation means fordetennining wheth- 
er or not an address specified in a read re- 3s 
quest to read out data from said main data 
area Is an address completing an alter- 
nate-address process on the basis of said 
alternate-address management informa- 
tion recorded in said second altamate-ad- ^ 
dress management Infonnation area In 
said first or second information fonnat; and 
control means for controlling said read 
means to read out data from said address 
specified In said read request if said con- 
firmatlon means detennlnes that said ad- 
dress specified In said read request is not 
an address completing an aitemate-ad- 
dress process but controlling said read 
means to read out data requested by said so 
read request from said alternate area on 
the basis of said aitemate-address man- 
agement information If said confirmation 
means detemriines that said address spec- 
ified in said read request is an address 55 
completing an alternate-address process. 

10. A recording method provided for a recording medi- 



um provided with a write-once recording area allow- 
ing data to be written therein only once and com- 
prising: 

an ordinary recording/reproduction area which 
data is recorded Into and reproduced from; 
an alternate area used for storing data In an al- 
ternate-address process for a defect existing In 
said ordinary recording/reproduction area and 
a data renewal; 

a first aiternata-address management informa- 
tion area for recording aitemate-address man- 
agement information for managing said alter- 
nate-address process using said alternate ar- 
ea; and 

a second alternate-address management Infor- 
mation area for recording said alternate-ad- 
dress management Infonnation as data that 
can be updated, 

said recording method comprising: 

a first write step of writing aitemate-ad- 
dress management Infomriatton of a first in- 
formation format showing an alternate 
source address and an alternate destina- 
tion address for a data unit not physically 
continuous to other data units in an opera- 
tion to update aitemate-address manage- 
ment information stored in said second ai- 
temate-address management information 
area in accordance with said aitemate-ad- 
dress process for said data unit; and 
a second write step of writing alternate-ad- 
dress management information of a sec- 
ond information fomriat showing an alter- 
nate source address and an altemate des- 
tination address for a collection of a plural- 
ity of physically continuous data units In an 
operation to update aitemate-address 
management infomiatlon stored in said 
second aitemate-address management in- 
formation area in accordance with said ai- 
ternata-address process for said data 
units. 

11. The recording method according to claim 10, said 
recording method further provided with a third write 
step of recording most recent alternate-address 
management Infonnation recorded In said second 
alternate-address management information area ail 
In said first Infomiatlon fonnat In an operation to 
record alternate-address management Infonnation 
In said first alternate-address management infor- 
mation area. 

12. The recording method according to claim 1 0 where- 
in, 
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70 



said second Information format Is an Informa- 
tion format showing an alternate source ad- 
dress of the first data unit in a plurality of phiys- 
Icaily continuous data units and an altemate 
destination address of theflrst data unit In a plu- s 
rality of other physically continuous data units 
as well as an alternate source address and al- 
ternate destination address of the last ones In 
said data units. 

10 

13. The recording method according to claim 10 Where- 
in. 



14. A reproduction method provided for a recording me- 
dium provided with a write-once recording area al- 30 
lowing data to be written therein only once and com- 
prising: 

an ordinary recording/reproduction area which 
data Is recorded Into and reproduced from; ss 
an altemate €irea used for storing data In an ai- 
temata^ddress process for a defect existing in 
said ordinary recorttlng/reproductlon area and 
a data renewal; 

a first altemate-address management Informa- 40 
tion area for recording altemate-address man- 
agement infomnatlon tor managing said alter- 
nate-address process using said altemate ar- 
ea; and 

a second altemate-address management Infor- 
mation area for reconiiing said altemate-ad- 
dress management infonnatlon as data that 
can be updated, 

wherein said alternate-address management so 
information recorded in said second altemate-ad- 
dress management infonnation area Includes infor- 
mation of a first Infonnatlon fomnat, which shows an 
altemate source address and an alternate destina- 
tion address for every data unit, and information of 55 
a second information format, which shows an alter- 
nate source address and an alternate destination 
address for a collection of a plurality of physically 



continuous data units, 

said reproduction method comprising: 

a confirmation step of detemilning whether 
or not an address specified In a read re- 
quest to read out data from a main data ar- 
ea Is an address completing an altemate- 
address process on the basis of altemate- 
address management Infonnatlon record- 
ed In said second alternate-address man- 
agement infonnatlon area in said first or 
second information fonnat; and 
a first read step of reading out data from 
said address specified In said read request 
if said address specified in said read re- 
quest is determined at said confirmation 
step to be not an address completing an 
altemate-address process; and 
a second read step of reading out data re- 
quested by said read request from said al- 
ternate area on the basis of said alternate- 
address management Infonnation if said 
address specified In said read request is 
detennined at said confirmation step to be 
an address completing an alternate-ad- 
dress process. 



said recording method further provided with a 
fourth write step of recording written/unwritten 
state Indication information in a predetermined 
area as Infonnatlon Indicating whether or not 
data has been written into each data unit of said 
write-once recording area whereby, at said 
fourth write step, for a piuraiity of data units in so 
an altemate source shown In said second infor- 
mation format and for a plurality of data units In 
an altemate destination shown in said same in- 
fonnatlon fonnat, said existence/non-existence 
indication infonnation is recorded as informa- 25 
tion Indicating that data has been written Into 
each of said data units. 
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